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MONO DIAMETER WELLBORE CASING 



Cross Reference To Related Applications 
[0001] The present application claims the benefit of tlie filing dates of: (1) U.S. provisicmal patent 
application serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/2001, (2) U.S. 
provisional patent application serial no. 60/339,013, attorney docket no. 88, filed on 1 1/12/01 (3) U.S. 
provisional patent application serial no. 60/363,829, attorney docket no. 25791.95, filed on 3/13/2002, 
(4) U.S. provisional patent application serial no. 60/387,961, attorney docket no. 25791.108, filed on 
6/12/2002 the disclosures of which are incorporated herein by reference. 

I0002J The present application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2^/2000, (3) U.S. patent application serial no. 
09/502,350, attom^ docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent no. 6,328,1 13, (5) U.S. 
patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. 
patent application serial no. 09/588,946. attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) 
U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
14/1/1999, (12) U.S. provisional patent application serial no. 60/1 54,047, attorney- docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 2579137. filed on 10/12/1999, (16) U.S. provisional patent applicatwn 
serial no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
pjtpyisional patent appUcatwn serial no. 60/221,443, attorney docket no. 25791.45. filed on 7/28/2000, 
(19) U.S. provisional patent ajvUcation serial no. 60/221,645, attorney docket no. 25791.46, filed on 
7/28/2000, (20) U.S. provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, 
filed on 9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney docket no. 
25791.48, filed on 10/2/2000, (22) U.S. proviaonal patent application serial no. 60/270,007. attorney 
docket no. 25791.50, filed on 2/20/2001. (23) U.S. provisional patent application serial no. 60/262,434, 
attorney docket no. 25791.51, filed on 1/17/2001, (24) U.S. provisional patent application serial no. 
60/259,486, attorney docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application 
serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional patent 
application serial no. 60/313.453. attorney docket no. 25791.59, filed on 8/20/2001. (27) U.S. 

1 



« 



wo 03/042487 PCT/US02/362<i7 

provisional patent application serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/2001, 
(28) U.S. provisional patent application serial no. 60/318,021, attorney docket no. 25791.58, filed on 
9/7/2001, (29) U.S. provisional patent application serial no. 60/3318,386, attorney docket no. 
25791.67.02, filed on 9/10/2001, (30) U.S. provisional patent application serial no. 60/326,886, attorney 
docket no. 25791.60, filed on 10/3/2001, (31) U.S. utility patent application serial no. 09/969,922, 
attorney docket no. 25791.69, filed on 10/3/2001, (32) U.S. provisional patent application serial no. 
60/338,996, attorney docket no. 25791.87, filed on 11/12/2001, (33) U.S. provisional patent application 
serial no. 60/339,013, attorney docket no. 25791.88, filed on 11/12/2001, (34) U.S. utility patent 
application serial no, 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (35) U.S. 
provisional patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 12/27/2001, 
(36) U.S. provisional patent application serial no. 60/346,309, attorney docket no 25791.92, filed on 
1/7/2002, (37) U.S. provisional patent application serial no. 60/357,372, attorney docket no. 25791.71, 
filed on 2/15/2002, (38) U.S. provisional patent application serial no. 60/363,829, attorney docket no. 
25791.95, filed on 3/13/2002, (39) U.S. provisional patent application serial no. 60/372,048, attorney 
docket no. 25791.93, filed on 4/12/2002, (40) U.S. provisional patent application serial no. 60/372,632, 
attorney docket no. 25791.101, filed on 4/15/2002, (41) U.S. provisional patent application serial no. 
60/380,147, attorney docket no. 25791.104, filed on 5/6/2002, (42) U.S. provisional patent applicaUon 
serial no. 60/383,917, attorney docket no. 25791.89, filed on 5/29/2002, (43) U.S. provisional patent 
application serial no. 60/387,486,- attorney docket no. 25791.107, filed on 6/10/2002, (44) U.S. 
provisional patent application serial no. 60/387,961, attorney docket no. 25791.108, filed on 6/12/2002, 
(45) U.S. provisional patent application serial no. 60/391,703, attorney docket no. 25791.90, filed on 
6/26/2002, (46) U.S. provisional patent application serial no. 60/397,284, attorney docket no. 
25791.106, filed on 7/19/2002, (47) U.S. provisional patent application serial no. 60/398,061, attorney 
docket no- 25791.110, filed on 7/24/2002, (48) U.S. provisional patent application serial no. 
60/399;i40, attorney docket no. 25791.1 1 1, filed on 7/29/2002, (49) U.S. provisional patent application 
serial no, 60/405,610, attorney docket no. 25791.119, filed on 8/23/2002, (50) U.S. provisional patent 
application serial no. 60/405,394, attorney docket no. 25791.120, filed on 8/23/2002, (51) U.S. 
provisional patent application serial no. 60/407,442, attorney docket no. 25791.125, filed on 8/30/2002, 
(52) U.S. provisional patent application serial no. 60/412,542, attcwmey docket no. 25791.102, filed on 
9/20/2002, (53) U.S. provisional patent application serial no. 6W412,177, attorney docket no. 
25791.1 17, filed on 9/20/2002, (54) U.S. provisional patent application serial no. 60/412,653, attorney 
docket no. 25791.118, filed on 9/20/2002, (55) U.S. provisional patent application serial no. 
60/412,544, attorney docket no. 25791 .121, filed on 9/20/2002, (56) U.S. provisional patent application 
serial no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, (57) U.S. provisional patent 
application serial no. 60/412,187, attorney docket no. 25791.127, filed on 9/20/2002, (58) U.S. 
provisional patent application serial no. 60/412,487, attorney docket no. 25791.127, filed on 9/20/2002, 
(58) U.S. provisional patent application serial no. 60/412,487, attorney docket no. 25791.112, filed on 
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9/20/2002, (59) U.S. provisional patent application serial no. 60/412,4S8, attorney docket no. 
25791.114, filed on 9/20/2002, and (60) U.S. provisional patent application serial no. 60/412^371, 
attorney docket no. 25791.129, filed on 9/20/2002, (61) PCT Patent Application No. 

PCT/US02 , attorney docket no. 25791.87.02, filed on 11/11/02 and (62) PCT Patent 

Application No. PCT/US02 , attorney docket no. 25791. 8S.02. filed on 11/11/02 the 

disclosures of which are incorporated herein by reference. 

Background Of The Invenlion 
(0003] This invention relates generally to oil and gus exploration, and in particular to foming and 
lepuring wellbore casings to facilitate oil and gas exploration. 

100041 Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of drilling fluid into 
the formation or inflow of fluid from the formation into the borehole. The borehole is drilled in 
intervals whereby a casing which is to be installed in a lower borehole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of this procedure the 
casing of the lower interval is of smaller diameter than the casing of the upper interval. Thus, the 
casings are in a nested airangpment with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to seal the casings 
ftom the borehole wall. As a consequence of this nested arrangement a relatively large borehole 
diameter is required at the upperpart of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved due to required 
cement pumping, cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and removed. 
[00051 The present invention is directed to overcoming one or more of the limitations of the 
existing procedures for forming and/or repairing wellbore casings. 

Sammary of the Invention 
lOOlO] According to one aspect of the present invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that includes a float shoe adapted to 
mate with an end of the expandable tubular member, an adjustable expanston mandrel coupled to the 
float shoe adapted to be contiollably expanded to a larger outside dimensfon for radial expansion of the 
expandable tubular member or collapsed to a smalter outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably dispkce the adjustable expansion mandrel 
relative to the expandable tubuku- member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, and a support member coupled to the locking 
device. 

10011] According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
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positioning an adjustable expansion mandrel within the expandable tubular member, supporting the 
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing tlie outside dimension 
of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative 
to the expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member. 

[00121 According to another aspect of the present invention, a mefliod for forming a mono 
diameter wellbore casing is provided that includes positioning an adjustable expansion mandrel within a 
first expandable tubular member, supporting the first expandable tubular member and the adjustable 
expansion mandrel within a borehole, lowering the adjustable expansion numdrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing die adjustable expansion mandrel upwardly relative to the first expandable tubular member 
m times to radially expand and plastically deform m portions of the first expandable tubular member 
within the borehole, positioning the adjustable expansion mandrel within a second expandable tubular 
member, supporting the second expandable tubular member and the adjustable expansion mandrel 
within the borehole in overlapping relation to the first expandable tubular member, lowering the 
adjustable expansion mandrel out of the second expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel 
upwardly relative to die second expandable tubular member n times to radially expand and plastically 
defwTO n portions of the second expandable tubular member witfiin the borehole. 
10013] According to another aspect of the present invention, an apparams for radially expanding 
and plastically defoming an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, an adjustable expansion mandrel coupled to the 
float shoe adapted to be controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to conuollably displace the adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, a support member coupled to the locking device, 
and a sealing member for sealingly engaging the expandable tubular member adapted to define a 
pressure chamber above the adjustable expansion mandrel during radial expansion of the expandable 
tubular member. 

(00141 According to another aspect of tiie present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
positionuig an adjustable expansion mandrel within the expandable tubular member, supporting the 
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the 
adjustable expansion mandrel out of the acpandable tubular member, increasing the outside dimension 
of die adjustable expansion mandrel, displacing die adjustable expansion mandrel upwardly relative to 
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the expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the borehole, and pressurizing an interior region of the expandable 
tubular member above the adjustable expansion mandrel during the radial expansion and plastic 
deformation of the expandable tubular member within Uie borehole. 

[0015J According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that inchides positioning an adjustable expansion mandrel within a 
first expandable tubular member, supporting the first expandable tubular member and the adjustable 
expansion mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relaUve to the first expandable tubular member 
m times to radially expand and plastically defoiro m portions of the first expandable tubular member 
within the borehole, pressurizing an interior region of the first expandable tubular member above the 
adjustable etpansion mandrel during the radial expansion and plastic deformation of the first 
expandable tubular member within the borehole, positioning the adjustable expansion mandrel within a 
second expandable tubular member, supporting the second expandable tubular manber and the 
adjustable expansion mandrel within the borehole in overiapping relation to the first expandable tubular 
member, lowering the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the second expandable tubular member n times to radially 
expand and plastically deform n portions of die second expandable tubular member witiiin the borehole, 
and pressurizing an interior region of the second expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the second expandable 
tubular member within the borehole. 

[00161 According to another aspect of die present invention, an apparatus for drilling a borehole 
within a subterranean formation and then radially expanding and plastically defoiming an expandable 
tubular member within the drilled borehole is provided that includes a float shoe adapted to mate with 
an end of the expandable tubular member, a drilling member coupled to the float shoe adapted to drill 
die borehole, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of die expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to contiollably displace the adjustable expansion mandrel relative to die expandable tubular 
member, a locking device coupled to d>c actuator adapted to controllably engage the expandable tubular 
member, and a support member coupled to the locking device. 

[00171 According to another aspect of die present invention, a mefliod for drilling a borehole 
within a subterranean formation and tiien radially expanding and plastically deforming an expandable 
tubular member within the drilled borehole is provided that include positioning an adjustable expansion 
mandrel within the expandable tubular member, coupling a drilling member to an end of the expandable 
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tubular member, drilling the borehole using the drilling member, positioning the adjustable expansion 
mandrel and the expandable tubular member within the drilled borehole, lowering the adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the drilled borehole. 

10018] According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing within a borehole is provided that includes positioning an adjustable 
expansion mandrel within a first expandable tubular member, coupling a drUling member to an end of 
the first expandable tubular member, drilling a first section of the borehole using the drilling member, 
supporting the first expandable tubular member and the adjustable expansion mandrel within the drilled 
first section of the borehole, lowering the adjustable expansion mandrel out of the first expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to 
radially expand and plastically deform m portions of the first expandable tubular member within die 
drilled first section of the borehole, positioning the adjustable expansion mandrel within a second 
expandable tubular member, coupUng the drilling member to an end of tiie second expandable tubular 
member, drilling a second section of the borehole using the drilling member, supporting the second 
expandable tubular member and the adjustable expansion mandrel within the borehole in overlapping 
relation to the first expandable mbular member within the second drilled section of the borehole, 
lowering the adjustable expansion mandrel out of the second expandable tubular member, increasing ■ 
the outside dimension of the adjustable expansion mandrel, and displacing the adjustable expansion 
mandrel upwardly relative to the second expandable tubular member n times to radially expand and 
plastically deform n portions of the second expandable tubular member within die drilled second 
section of the borehole. 

[0019] According to another aspect of the present mvcntion. an apparatus for drilling a borehole 
within a subterranean formation and Uien radially expanding and plastically defonning an expandable 
tubular member within the drilled borehole is provided that includes a float shoe adapted to mate with 
an end of the expandable tubular member, a drilling member coupled to die float shoe adapted to drill 
the borehole, an adjustable expansion mandrel coupled to die float shoe adapted to be contioUably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace ti»e adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to die acmator adapted to controllably engage the expandable tubular 
member, a support member coupled to the locking device, and a sealing member for sealing engaging 
the expandable tubular member adapted to define a pressure chamber above die adjustable expansion 
mandrel during the radial expansion of the expandable tubular member. 
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(0020) According to another aspect of the present invention, a method for drilling a borehole 
within a subterranean fomation and then radially expanding and plastically deforming an expandable 
nibuiar member within the drilled borehole is provided that includes positioning an adjustable 
expansion mandrel within the expandable tubular member, coupling a drilling member to an end of the 
expandable tubular member, drilling the borehole using the drilling member, positioning the adjustable 
expansion mandrel and the expandable tubular member within the drilled borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension 
of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the drilled borehole, and pressuring an interior portion of the 
expandable tubular member above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the expandable tubular member within the drilled borehole. 
100211 According to another aspect of the presait invention, a method for fonning a mono 
diameter wellbore casing within a borehole is provided that includes positionmg an adjustable 
expansion mandrel within a first expandable tubular member, coupling a drilling member to an end of 
the first expandable tubular member, drilling a first section of the borehole using the drilling member, 
supporting the first expandable tubular member and die adjustable expansion mandrel within the drilled 
first section of the borehole, lowering Ae adjustable expansion mandrel out of the first expandable 
tubular member, increasing the outside dimension of the adjustable ejqjansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to 
radially expand and plastically deform m portions of the first expandable tubular member within the 
drilled first section of die borehole, pressuring an interior portion of the first expandable tubular 
member above the adjustable expansion mandrel during die radial Ktpansion and plastic xieforroation of 
the first expandable mbular member widiin the first drilled section of the borehole, posftioning the 
adjustable expansion mandrel within a second expandable tubular member, coupling the drilling 
member to an end of the second expandable tubular member, drilling a second section of the borehole 
using the drilling member, supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first expandable tubular member 
within the second drilled section of the borehole, lowering die adjustable expansion mandrel out of the 
second expandable tubular member, increasing the outside dimension of die adjustable expansion 
mandrel, displacing the adjustable expansion mandrel upwardly relative to die second expandable 
tubular member n times to radially expand and plastically deform n portions of die second expandable 
tubular member widiin die drilled second section of the borehole, and pressuring an interior portion of 
the second expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic defonnation of die second expandable tubular member witiiin the drilled second 
section of the borehole. 



7 



wo 03/042487 PCT/US02/3<i267 

(00221 According to another aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to 
the float shoe adapted to be controllably expanded to a first larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a first smaller outside dimension, a second 
adjustable expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second laiBcr outside dimension for radial expansion of the expandable 
tubular member or collapsed to a second smaller outside dimension, an actuator coupled to the first and 
second adjustable expansion mandrels adapted to controllably displace the first and second adjustable 
expansion mandrels relative to the expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable tubular member, and a support member coupled to the 
locking device. The first larger outside dimension of the first adjustable expansion mandrel is larger 
than the second larger outside dimension of the second adjustable expansion mandrel. 
(00231 According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
positioning first and second adjustable expansion mandrels within the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable expansion mandrels 
within the borehole, lowering the first adjustable expansion mandrel out of the expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand 
and plastically deform a lower portion of the expandable tubular member, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, and displacing the 
second adjustable expansion mandrel upwardly relative to the expandable tubular member to radially 
expand and plastically deform portions of the expandable tubular member above the lower portion of 
the expandable tubular member. The outside dimension of the fust adjustable expansion mandrel is 
gieatw than the outside dimension of the second adjustable expansion mandrel. 
[00241 According to another aspect of the present invention, a method for forming a mono 
diameter wcUbore casing is provided that includes positioning first and second adjustable expansion 
mandrels within a first expandable tubular member, supporting the first expandable tubular member and 
the first and second adjustable expansion mandrels within a borehole, lowering the first adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the 
fmrt adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative 
to the first expandable tubular member to radially expand and plastically deform a lower portion of the 
first expandable tubular member, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the first expandable tubular member, decreasing 
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the outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of 
the second adjustable expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the first expandable tubular member to radially expand and plastically deform portions of the 
first expandable tubular member above the lower portion of the expandable tubular member, 
positioning first and second adjustable expansion mandreU within a second expandable tubular 
member, supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular member, lowering 
the first adjustable expansion mandrel out of the second expandable tubular member, increasing the 
outside dimension of the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel upwardly relative to the second expandable tubular member to radially expand and plastically 
deform a lower portion of the second expandable tubular member, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the second 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, and displacing the 
second adjustable expansion mandrel upwardly relative to the second expandable tubular member to 
radially expand and plastically deform portions of the second expandable tubular member above the 
lower portion of the second expandable tubular member. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
(00251 According to another aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to 
the float shoe adapted to be controUably expanded to a first larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a first smaller outside dimension, a second 
adjustable expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of tf« expandable 
tubular member or collapsed to a second smaller outside dimension, an actuator coupled to the first and 
second adjustable expansion mandrels adapted to controllably displace the first and second adjustable 
expansion mandrels relative to the expandable tubular member.alocking device coupled to the actuator 

adapted to controllably engage the expandable tubular member, a support member coupled to the 
locking device, and a sealing member for sealingly engaging the expandable tubular adapted to define a 
pressure chamber above the first and second adjustable expansion mandrels during the radial expansion 
of the expandable tubular member. The first larger outside dimension of the first adjustable expansion 
mandrel is larger than the second larger outsWe dimension of the second adjustable expansion mandrel. 
[00261 Accordingto another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member wiUiin a borehole is provided that includes 
positioning fiRt and second adjustable expansion mandrels within the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable expansion mandrels 
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within the borehole, lowering the first adjustable expansion mandrel out of the expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand 
and plastically deform a lower portion of the expandable tubular member, pressurizing an interior 
region of the expandable tubular member above the first adjustable expansion mandrel during the radial 
expansion of the lower portion of the expandable tubular member by the first adjustable expansion 
mandrel, displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the expandable tubular member, decreasing the outside dimension of the first 
adjustable expansion mandrel and mcreasing the ouuide dimension of the second adjustable expansion 
mandrel, displacing the second adjustable expansion mandrel upwardly relative to the expandable 
tubular member to radially expand and plastically deform portions of the expandable tubular member 
above the lower portion of the expandable tubular member, and pressurizing an interior region of the 
expandable tubular member above the second adjustable expansion mandrel during the radial expansion 
of the portions of the expandable tubular member above the lower portion of the expandable tubular 
member by the second adjustable expansion mandrel. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
100271 According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning first and second adjustable expansion 
mandrels within a first expandable tubular member, supporting the first expandable tubular member and 
the first and second adjustable expansion mandrels within a borehole, lowering the first adjustable 
expansion mandrel out of the fust expandable tubular member, increasing the outside dimension of the 
first adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative 
to the first expandable tubular member to radially expand and plastically deform a lower ^KJrtion of the 
first expandable tubular member, pressurizing an interior region of the first expandable tubular member 
above the first adjustable expansion mandrel during the radial expansion of the lower portion of the first 
expandable mbular member by the first adjustable expansion mandrel, displacing the furst adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the first 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
expand and plastically deform portions of the first expandable tubular member above the lower portion 
of the expandable tubular meihber, pressurizing an interior region of the first expandable tubular 
member above the second adjustable expansion mandrel during the radial expansion of the portions of 
the first expandable Uibular member above the lower portion of the first expandable tubular member by 
the second adjustable expansion mandrel, positioning first and second adjustable expansion mandrels 
within a second expandable tubular member, supporting the first expandable tubular member and the 
and second adjustable expansion mandrels within the borehole in overlapping relation to the first 



first 

10 



wo 03/042487 PCT/US02/36267 

expandable tubular member, lowering the first adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel upwardly relative to die second expandable tubular 
member to radially expand and plastically deform a lower portion of the second expandable tubular 
member, pressurizing an interior region of the second expandable tubular member above the first 
adjustable expansion mandrel during the radial expansion of the lower portion of the second expandable 
tubular member by die first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel and the second adjustable expansion mandrel downwardly relative to the second expandable 
tubular member, decreasingthe outside dimension of the fu^ adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the second expandable tubular member to radially 
expand and plastically deform portions of the second expandable tubular member above the lower 
portion of the second expandable tubular member, and pressurizing an interior region of the second 
expandable tubular member above the second adjustable expansion mandrel during the radial expansion 
of the portions of the second expandable tubular member above the lower portion of the second 
expandable tubular member by the second adjustable expansion mandrel. The outside dimension of the 
first adjustable expansion mandrel is greater than the outside dimension of the second adjustable 
expansion mandrel. 

[0028] According to anotiier aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a support member, a 
locking device coupled to the support member and releasably coupled to die expandable tubular 
member, an adjustable expansion mandrel adapted to be controllably expanded to a larger outside 
dimension for radial expansion and plastic deformation of the expandable tubular member or collapsed 
to a smaller outside dimension; and an actuator coupled to the locking member and the adjustable 
expansion mandrel adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically defoim the expandable tubular member. 
[00291 According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
supporting die expandable tubular member, an hydraulic actuator, and an adjustable expansion mandrel 
within the borehole, increasing the size of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the expandable tubular member using the hydraulic actuator to 
radiaUy expand and plastically defonn a portion of the expandable tubular member. 
(0030) According to another aspect of the present invention, a mefliod for forming a mono 
diameter wellbore casing widiin a borehole that includes a pieexisting wellbore casiiig is provided that 
includes supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 
mandrel within the borehole, increasing the size of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member using the hydraulic 
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actuator to radially expand and plastically deform a portion of the expandable tubular member, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically deform the remaining portion of the expandable tubular member and a 
portion of the preexisting wellbore casing that overlaps with an end of the remaining portion of the 
expandable tubular member. 

Brief Description of the Drawings 
10031] Fig. 1 is a fragmentary cross-sectional illustr^on of the placement of an embodiment of an 
apparatus for radially expanding and plastically deforming a tubular member within a preexisting 

structure. 

100321 Fig. 2 is a ftagmentary cross-sectional illustration of apparatus of Fig. 1 after displacing the 
adjustable expansion mandrel and the float shoe downwardly out of the end of the expandable tubular 
member. 

[00331 Fig. 3 is a ftagmentaiy cross-sectional illustration of the apparatus of Fig. 2 after expanding 
the adjustable expansion mandrel. 

100341 Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after displacing 
the adjustable expansion mandrel upwaidly to radially expand and plastically deform the expandable 
tubular member. 

[00351 Fig- 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after displacing 
the actuator, locking device, and tubular support member upwardly relative to the adjustable expansion 
mandrel and the expandable tubular member. 

[00361 Fig. 6 is a fragmentary cross-sectional illustration of the apparaUis of Fig. 5 after displacing 
the adjustable expansion mandrel upwardly to radially expand and plastically deform the expandable 
tubular member. 

[00371 Fig. 6a is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 that include 
one or more cup seals positioned above the adjustable expansion mandrel for defining an annular 
pressure chamber above the adjustable expansion mandrel. 

[00381 Fig. 7 is a fragmentary cross-sectional illustration of the placement of an embodiment of an 
apparatus for drilling a borehole and radially expanding and plastically deforming a tubular member 
within the drilled borehole. 

100391 Fig. 8 is a fragmentary cioss-sectional illustration of the apparatus of Fig. 7 after pivoting 
the drilling elements of the drilling member radially inwardly. 

[00401 F'g- 9 « a fragmentary cross-sectional illustration of apparatus of Fig. 8 after displacing the 
adjustable expansion mandrel and drilling member downwardly out of the end of the expandable 
tubular member. 

[0041 1 Fig. 1 0 is a fragmentary cross-sectional illustration of the apparatus of Fig. 9 after 
expanding the adjustable expansion mandrel. 
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(00421 Fig. 1 1 is a fragmentary cross-sectional illustration of the apparatus of Fig. 10 after 
displacing tlie adjustable expansion mandrel upwardly to radially expand and plastically defonn the 
expandable tubular member. 

10043] Fig. 1 2 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 1 after 
displacing the actuator, locking device, and tubular support member upwardly relative to the adjustable 
expansion mandrel and the expandable tubular member. 

[0044] Fig. 13 is a fragmentary cross-sectional illustration of the apparatus of Fig. 12 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically deform the 
expandable tubular member. 

(00451 Fig. 14 is a fragmentary cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding and plastically deforming a tubular member within a preexisting 
structure. 

(00461 Fig. 15 is a fragmentary cross-sectional illustration of the ^paratus of Fig. 14 after 
displacing the lower adjustable expansion mandrel and float shoe downwardly out of the end of the 
expandable tubular member. 

(00471 Fig. 1 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 5 after 
expanding the lower adjustable expansion mandrel. 

[00481 Fig. 1 7 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 6 after 
displacing the lower adjustable expansion mandrel upwardly to radially expand and plastically defonn 
the expandable tubular member. 

(0049] Fig. 1 8 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 7 after 
displacing the upper and lower adjustable expansion mandrels downwardly relative to the expandable 
tubular member. 

(00501 Fig. 1 9 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 8 after 
collapsing the lower adjustable expansion mandrel and expanding the upper adjustable expansion 
mandrel. 

(00511 Fig. 20 is a fragmentary cross-sectional illustration of the apparatus of Fig. 19 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically deform 
the expandable tubular member. 

(00521 Fig. 21is a fragmentary cross-sectional illustration of the apparatus of Fig. 20 after 
displacing the tubular support member, the locking device, and the actuator upwardly relative to the 
upper adjustable expansion mandrel and the expandable tubular member. 
(00531 Fig. 22 is a fragmentary cross-sectional illustration of the apparatus of Fig. 21 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically defonn 
the expandable tubular member. 

(0054] Fig. 23 is a fragmentary cross-sectional illustration of a mono diameter wellbore casing 
formed using one or more of the apparatus of Figs. 1-22. 
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(00551 Figs. 24a-24k are ftagmentary cross sectional illustrations of the placement of an 
exemplary embodiment of an apparatus for radially expanding and plastically deforming a tubular 
member within a wellbore that traverses a subterranean formation. 

IO0S61 Fig. 25a-25f are fragmentary cross sectional and perspective illustrations of the expansion 
cone assembly of the apparatus of Figs. 24a-24k. 

10057] Fig. 25g is a perspective illustration of a float shoe locking dog. 

10058] Fig. 25h is a fragmentary cross sectional illustration of the design and operation of the 

casing gripper locking dogs. 

10059] Figs. 26a-26k are fragmentaiy cross sectional illustrations of the apparatus of Figs. 24a.24k 
after expanding the expansion cone assembly. 

[0060] Figs. 27a-27b are a fragmentaiy cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 26ar26k. 

100611 Figs. 28a-28j are fragmentary cross sectional illustrations of the apparatus of Figs. 26a.26k 
during the up>vard displacement of the expansion cone assembly by the actuators to radially expand and 
plastically deform a portion of die casing. 

[00621 Figs. 29a-29m are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28j 
after the collapse of the expansion cone assembly. 

[00631 Fig. 30a-30c are fragmentary cross sectional illustrations of the process for collapsing the 
expansion cone assembly of the apparatus of Figs. 29a-29m. 

[00641 Figs. 3 1 a-3 In are fragmentary cross sectional illustrations of the apparatus of Figs. 29a- 
29m after the plastic defomation and radial expansion of the sealing sleeve and die disengagement of 
the casing from the locking dogs of the casing lock assembly. 

(00651 Figs. 32a-32k are fragmentary cross sectional illustrations ofthe apparatus of Figs. 31 a-3 In 
after setting down the apparatus onto the bottom ofthe wellbore to open the bypass valve in the shoe 
and expand the expansion cone assembly. 

(00661 Figs. 33a-33p are fragmentary cross sectional illustrations ofthe apparatus of Figs. 32a.32k 
during the radial expansion and plastic deformation ofthe casing. 

[00671 Figs. 348-341 are fragmentary cross sectional illustrations of the apparatus of Figs. 33a-33p 
during the radial expansion and plastic deformation of a portion ofthe casing that overlaps within a 
preexisting wellbore casing within the wellbore. 

10068] Figs. 35a-351 are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28j 
during the emergency collapse of the expansion cone assembly. 

[00691 Figs. 36a-36b are fragmentary cross sectional illustrations of several exemplary 
embodimraits ofthe operation of fte pressure bahmce piston. 

Detailed Description ofthe Illustrative Embodiments 
(00701 Rfefeiring to Fig. 1, an cxcmpfary embodiment of an apparatus 10 for radially expanding 
and plastically deforming a tubular member 12 includes a tubular support member 14 that extends into 
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the tubular member that is coupled to an end of a locking device 16 for controllably engaging the 
tubular member. Another end of the locking device 16 is coupled to a tubular support member 1 8 that 
is coupled to an end of an actuator 20. Another end of the actuator 20 is coupled to a tubular support 
member 22 that is coupled to an end of an adjustable expansion mandrel 24 for radially expanding and 
plastically deforming the tubular member 12. Another end of the adjustable expansion mandrel 24 is 
coupled to a tubular support member 26 that is coupled to an end of a float shoe 28 that mates with and 
is at least partially received within a lower end of the tubular member 12. In an exemplary 
embodiment, the locking device 16, the tubular support member 1 8, the actuator 20, the tubular support 
member 22, the adjustable expansion mandrel 24. and the tubular support member 26 are positioned 
within the tubular member 12. 

10071] In an exemplary embodiment, the tubular member 12 includes one or more solid and/or 
slotted tubular members, and one or more of the solid and/or slotted tubular members include resilient 
sealing members coupled to the exterior surfaces of the solid and/or slotted tubular members for 
engaging the wellbore 30 and/or one or more preexisting wellbore casings coupled to the wellbore. In 
an exemplary embodiment, the tubular support members, 14, 18, 22, and 26 define corresponding 
passages, that may or may not be valveable, for conveying fluidic materials into and/or through the 
apparatus 10. 

10072] In an exemplary embodiment, the locking device 1 6 includes one or more conventional 
controllable locking devices such as, for example, slips and/or dogs for controllably engaging the 
tubular member 12. In an exemplary embodiment, the locking device 16 is controlled by injecting 
fluidic materials into the locking device. 

(00731 In an exemplary embodiment, die actuator 20 is a conventional actuator that is adapted to 
displaced the adjustable expansion mandrel 24 and float shoe 28 upwardly or downwardly relative to 
the actuator. 

[0074] In an exemplary embodiment, the adjustable expansion mandrel 24 is a conventional 
adjustable expansion mandrel that may be expanded to a larger outside dimension or collapsed to a 
smaller outside dimension and includes external surfeces for engaging the tubuhu- member 12to 
thereby radially expand and plastically deform the tubular member when the adjustable expansion 
mandrel is expanded to the larger outside dimension. In an alternative embodiment, the adjustable 
expansion mandrel 24 may include a rotary adjustable expansion device such as, for example, the 
commercially available rotary expansion devices of Weatherford International, Inc. In several 
alternative embodiments, the cross sectional profile of the adjustable expansion mandrel 24 for radial 
expansion operations may, for example, be an n-sided shape, where n may vary from 2 to infinity, and 
the side shapes may include straight line segments, arcuate segments, parabolic segments, and/or 
hyperbolic segments. In several alternative embodiments, the cross sectional profile of the adjustable 
expansion mandrel 24 may, for example, be circular, oval, elliptical, and/or multifaceted. 
10075] In an exemplary embodiment, the float shoe 28 is a conventional float shoe. 
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[0076] In an exemplary embodiment, the apparatus 10 is positioned within a preexisting structure 
30 such as, for example, a wellbore that traverses a subtenanean formation 32. The wellbore 30 may 
have any orientation from vertical to horizontal. In several exemplary embodiments, the wellbore 30 
may include one or more preexisting solid and/or slotted and/or perforated wellbore casings that may or 
may not overlap with one another within the wellbore. 

(0077] As illustrated in Fig. 2, the adjustable expansion mandrel 24 and the float shoe 28 are then 
displaced downwardly out of the tubular member 12 by the actuator 20. During the downward 
displacement of the adjustable expansion mandrel 24 and the float shoe 28 out of the tubular member 
12, the tubular member is maintained in a stationary position relative to the tubular support member 14 
by the locking device 16. 

[0078] As illustrated in Fig. 3, the adjustable expansion mandrel 24 is then expanded to tlie larger 
.dimension. In several alternative embodiments, the adjustable expansion mandrel 24 may be expanded 
to the larger dimension by, for example, injecting a fluidic material into the adjustable expansion 
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the 
adjustable expansion mandrel 24 to the larger dimension, expansion surfaces 24a are defined on the 
adjustable expansion mandrel that may include, for example, conical, spherical, elliptical, and/or 
hyperbolic surfaces for radially expanding and plastically deforming the tubular member 12. In an 
exemplary embodiment, the expansion surfaces 24a also include means for lubricating the interface 
between the expansion surfaces and the tubular member 12 during the radial expansion and plastic 
deformation of the tubular member. 

10079] As illustrated in Fig. 4, the adjustable expansion mandrel 24 is tiien displaced upwardly by 
the actuator 20 to thereby radially expand and plastically deform a portion of the tubular member 12. In 
an exemplary embodiment, during the upward displacement of the adjustable expansion mandrel 24, the 
tubular member 12 is maintained in a stationary position relative to the tubular support member 14 by 
' the locking device 16. In an exemplary embodiment, the tubular member 12 is radially expanded and 
plastically deformed into engagement with the wellbore 30 and/or one or more preexisting wellbore 
casings coupled to the wellbore 30. In an exemplary embodiment, the interface between the expansion 
surfaces 24a of the adjustable expansion mandrel 24 and the tubular member 12 is not fluid tight in 
ordo" to facilitate the lubrication of the interface between the expansion surface of the adjustable 
expansion mandrel and the tubular member. 

[0080] As illustrated in Fig. 5, the locking device 1 6 is then disengaged from the tubular member 
12, and the tubular member 12 is supported by the adjustable expansion mandrel 24. The tubular 
support member 14, the locking device 16, the tubular support member 18, and the actuator 20 are then 
displaced upwardly relative to the adjustable expansion mandrel 24. 

[0081] As illustrated in Fig. 6, the locking device 1 6 then engages the tubular member 1 2 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
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adjustable expansion mandrel 24 is displaced upwardly relative by the actuator 20 to radially expand 
and plastically deform another portion of the dibular member. 

[0082] In an exemplary embodiment, the operations of Figs. 5 and 6 are then repeated until the 
entire length of the tubular member 12 is radially expanded and plastically deformed by the adjustable 
expansion mandrel 24. In several alternative embodiments, the adjustable expansion mandrel 24 may 
be collapsed to the smaller dimension prior to the further, or complete, radial expansion and plastic 
deformation of the tubular member 12. 

[00831 In several alternative embodiments, as illustrated in Fig. 6a, the apparatus 1 0 further 
includes one or more cup seals 34 that are coupled to the tubular support member 22 and engage the 
tubular member 12 to define an annular chamber 36 above the adjustable expansion cone 24, and fluidic 
materials 38 are injected into the tubular member 12 through passages defined within the tubular 
support member 14, the locking device 16. the tubular support member 18, the actuator 20. the tubular 
support member 22, the adjustable expansion mandrel 24, the tubular support member 26. and the float 
shoe 28 to thereby pressurize the annular chamber 36. In this manner, the resulting pressure differential 
created across the cup seals 34 causes the cup seals to pull the adjustable expansion mandrel 24 
upwardly to radially expand and plastically deform the tubular member 12. In several alternative 
embodiments, the injection of the fluidic material 38 into the tubular member 12 is provided in 
combination with, or in the alternative to, the upward displacement of the expansion mandrel 24 by the 
actuator 20. bi several alternative embodiments, during the injection of the fluidic material 38, the 
locking device 16 is disengaged from the tubular member 12. 

100841 Referring to Fig. 7, an alternative embodiment of an apparatus 100 for radially expanding 
and plastically deforming the tubular member 12 is substantially identical in design and operation to the 
apparatus 10 with the addition of one or more conventional drilling members 40a-40b that are pivotally 
coupled to the float shoe 28. During operation of the apparatus 100, the drilling members 40a^0b may 
be operated to extend the length and/or diameter of the wellbore 30. for example, by rotating the 
apparatus and/or by injecting fluidic materials into the apparatus to operate the drilling members. 
[00851 As illustrated in Fig. 7, in an exemplary embodiment, the apparatus 1 00 is initially 
positioned within the preexisting structure 30. 

[0086] As illustrated in Fig. 8. in an exemplary embodiment, the drilling members 40a-40b may 
tiien be pivoted inwardly in a conventional manner. 

[00871 As illustrated in Fig. 9 the adjustable expansion mandrel 24, the float shoe 28, and the 
drilling members 40a-40b are then displaced downwardly out of the tubular member 12 by the actuator 
20. During the downwanl displacement of the adjustable expansion mandrel 24, the float shoe 28, and 
the drilling members 40a-40b out of the tubular member 12, the tubular member is maintained in a 
stationary position relative to the tubular support member 14 by the locking device 1 6. 
[0088] As illustrated in Fig. 10, the adjustable expansion mandrel 24 is then expanded to the larger 
dimension. In several alternative embodiments, the adjustable expansion mandrel 24 may be expanded 
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to the larger dimension by, for example, injecting a fluidic material into the adjustable expansion 
mandrel and/or by impacting the drilling members 40a-40b on the bottom of the wellbore 30. After 
expanding the adjustable expansion mandrel 24 to the larger dimension, expansion surfaces 24a are 
defined on the adjustable expansion mandrel that may include, for example, conical, spherical, 
elliptical, and/or hyperbolic surfaces for radially expanding and plastically deforming the tubular 
member 12. In an exemplary embodiment, the expansion surfeces 24a also Include means for 
lubricating the interface between the expansion surfaces and the tubular member 12 during the radial 
expansion and plastic deformation of the tubular member. 

100891 As illustrated in Fig. 1 1 , the adjustable expansion mandrel 24 is then displaced upwardly by 
the actuator 20 to thereby radially expand and plastically defom a portion of the tubular member 12. In 
an exemplary embodiment, during the upward displacement of the adjustable expansion mandrel 24. the 
tubular member 12 is maintained in a stationaiy position relative to the tubular support member 14 by 
the locking device 16. In an exemplary embodiment, the tubular member 12 is radially expanded and 
plastically deformed into engagement with the wellbore 30 and/or one or more preexisting wellbore 
casings coupled to the wellbore 30. In an exemplary embodiment, the interface between the expansion 
surfeces 24a of the adjustable expansion mandrel 24 and the mbular member 12 is not fluid tight in 
order to facilitate the lubrication of the interface between the expansion surface of the adjustable 
expansion mandrel and die tubular member. 

[0090] As illustrated in Fig. 12, die locking device 16 is then disengaged fi-om die tubular member 
12, and the tubular member 12 is supported by the adjustable expansion mandrel 24. The tubular 
support member 14, die locking device 16, the tubular support member 18, and the actuator 20 are then 
displaced upwardly relative to the adjustable expansion mandrel 24. 

100911 As illustrated in Fig. 13, die locking device 16 then engages the tabular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
adjustable expansion mandrel 24 is displaced upwardly relative by the actuator 20 to radially expand 
and plastically deform another portion of die tubular member. 

[00921 In an exemplary embodiment, the operations of Figs. 12 and 13 are then repeated until die 
entire lengdi of the tubular member 12 is radially expanded and plastically deformed by the adjustable 
expansion mandrel 24. In several alternative embodiments, die adjustable expansion mandrel 24 may 
be collapsed to die smaller dimension prior to the fiirther, or complete, radial expansion and plastic 
deformation of the tubular member 12. 

[00931 Referring to Fig. 14, an akemative embodiment of an apparatus 200 for radially expanding 
and plastically deforming the tubular member 12 is substantially identical in design and operation to the 
apparatus 10 except diat the adjustable expansion mandrel 24 has been replaced by an upper adjustable 
expansion mandrel 202 that is coupled to the tubular support member 22. a tubular support member 204 
that is coupled to the upper adjustable expansion mandrel, and a lower adjustable expansion mandrel 
206 tfiat is coupled to die tubular support member 204 and tiie tubular support member 26. 
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(00941 The upper and lower adjustable expansion mandrels, 202 and 206, may be conventional 
adjustable expansion mandrels that may be expanded to larger outside dimensions or collapsed to 
smaller outside dimensions and include externa] surfaces for engaging the tubular member 12 to 
thereby radially expand and plastically deform the tubular member when the adjustable expansion 
mandrels are expanded to the larger outside dimensions. In an alternative embodiment, the upper 
and/or lower adjustable expansion mandrels, 202 and 206, may include rotary adjustable expansion 
devices such as, for example, the commercially available rotaiy expansion devices of Weatherford 
International, Inc. In an exemplary embodiment, the tubular support member 204 defines a passage, 
that may, or may not, be valveable, for conveying fluidic materials into and/or through the apparatus 
200. In several alternative embodiments, the cross sectional profiles of the adjustable expansion 
mandrels, 202 and 206, for radial expansion operations may, for example, be n-sided shapes, where n 
may vaiy ftom 2 to infinity, and the side shapes may include straight line segments, arcuate segments, 
parabolic segments, and/or hyperbolic segments. In several alternative embodiments, the cross 
sectional profiles of the adjustable expansion mandrels. 202 and 206, may. for example, be circular, 
oval, elliptical, and/or multifaceted. 

10095] As illustrated in Fig. 14, in an exemplary embodiment, the apparatus 200 is initially 
positioned within the preexisting structure 30. 

[0096] As illustrated in Fig. 1 5, the lower adjustable expansion mandrel 205 and the float shoe 28 
are then displaced downwardly out of the tubular member 12 by the actuator 20. During the downward 
displacement of the lower adjustable expansion mandrel 206 and the float shoe 28 out of the tubular 
member 12, the tubular member is maintained in a stationary position relative to the tubular support 
member 14 by the locking device 16. 

(00971 As illustrated in Fig. 1 6, the lower adjustable expansion mandrel 206 is then expanded to 
the larger dimension. In several alternative embodiments, the lower adjustable expansion mandrel 206 
may be expanded to the larger dimension by; for example, injecting a fluidic material into the lower 
adjustable expansion mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. 
After expanding the lower adjustable expansion mandrel 206 to the larger dimension, expansion 
surfaces 206a are defined on the lower adjustable expansion mandrel that may include, for example, 
conical, spherical, elliptical, and/or hyperbolic surfaces for radially expanding and plasUcally 
deforming the tubular member 12. In an exemplary embodiment, the expansion surfaces 206a also 
include means for lubricating tiie interface between the expansion surfaces and the tubular member 12 
during tiie radial expansion and plastic deformation of the tubular member. 
(0098] As illustrated m Fig. 17, Ae lower adjustable expansion mandrel 206 is then displaced 
upwardly by the actuator 20 to thereby radially e.'q>and and plastically deform a portion 12a of the 
nibular member 12. In an exemplary embodiment, during the upward displacement of the lower 
adjustable expansion mandrel 206. the tubular member 12 is maintained in a sUtionaiy position relative 
to the tubular support member 14 by the locking device 16. In an exemplary embodiment, the tubular 
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member 12 is radially expanded and plastically deformed into engagement with the wellbore 30 and/or 
one or more preexisting wellbore casings coupled to the wellbore 30. In an exemplary embodiment, the 
interface between the expansion surfaces 206a of the lower adjustable expansion mandrel 206 and the 
tubular memtjer 12 is not fluid tight in order to facilitate the lubrication of the interface between the 
expansion surface of the lower adjustable expansion mandrel and tlie tubular member. In an excmplao' 
embodiment, the expansion surfaces 206a also include means for lubricating the interface between the 
expansion surfaces and the tubular member 12 during the radial expansion and plastic deformation of 
the tubular member. 

10099) As illustrated in Fig. 1 8, the upper and lower adjustable expansion mandrels, 202 and 206, 
and the float shoe 28 are then displaced downwardly by the actuator 20. During the downward 
displacement of the upper and lower adjustable expansion mandrels, 202 and 206. and the float shoe 28, 
the tubular member is maintained m a stationary position relative to the tubular support member 1 4 by 
the locking device 16. 

101001 As illustrated in Fig. 19. the upper adjustable expansion mandrel 202 is then expanded to 
the larger dimension and the lower adjustable expansion mandrel 206 is collapsed to the smaller 
dimension. In an exemplary embodiment, the larger dimension of the upper adjustable expansion 
mandrel 202 is less than the larger dimension of the lower adjustable expansion mandrel 206. In 
several alternative embodiments, the upper adjustable expansion mandrel 202 may be expanded to the 
larger dimension and the lower adjustable expansion mandrel 206 may be collapsed to the smaller 
dimension by, for example, injecting fluidic material into the upper and/or adjustable expansion 
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the 
upper adjustable expansion mandrel 202 to the larger dimension, expansion surfeces 202a are defined 
on the upper adjustable expansion mandrel that may include, for example, conical, spherical, elliptical, 
and/or hyperbolic surfaces for radially expanding and plastically deforming the tubular member 12. In 
an exemplary embodiment, the expansion surfaces 202a also include means for lubricating the interfece 
between the expansion surfaces and the tubular member 12 during the radial expansion and plastic 
deformation of the tubular member. 

[01011 As illustrated in Fig. 20, the upper adjustable expansion mandrel 202 is then displaced 
upwardly by the actuator 20 to thereby radially expand and plastically defoim a portion 1 2b of the 
tubular member 12 above the portion 12a of the tubular member. In an exemplary embodiment, the 
inside diameter of the radially expanded and plastically deformed portion 12a of the tubular member 12 
is greater than the inside diameter of the radially expanded and plastically deformed portion I2b of the 
tubular member. In an exemplary embodiment, during the upward displacement of the upper adjustable 
expansion mandrel 202. the tubular member 12 is maintained in a stationaiy position relative to the 
tubular support member 14 by the locking device 16. In an exemplary embodiment, the tubular 
member 12 is radially expanded and plastically deformed into engagement with the wellbore 30 and/or 
one or more preexisting wellbore casings coupled to the wellbore 30. In an exemplary embodiment, the 
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interface behveen the expansion surfaces 202a of the upper adjustable expansion mandrel 202 and the 
tubular member 12 is not fluid tight in order to facilitate the lubrication of the interface between the 
expansion surface of the upper adjustable expansion mandrel and the tubular member. 
10102] As illustrated in Fig. 21, the locking device 1 6 is then disengaged from the tubular member 
12, and the tubular member 12 is supported by the upper adjustable expansion mandrel 202. The 
tubular support member 14, the locking device 16, the tubular support member 18, and the actuator 20 
are then displaced upwardly relative to the upper adjustable expansion mandrel 202 and the tubular 
member 12. 

[0103] As illustrated in Fig. 22, the locking device 16 then enpges the tubular member 12 to 
maintain the tubular member in a stationaiy position relative to the tubular support member 14, and the 
upper adjustable expansion mandrel 202 is displaced upwardly relative by the actuator 20 to radially 
expand and plastically deform the portion 12b of the tubular member. 

10104] In an exemplary embodiment the operations of Figs. 21 and 22 are then repeated until the 
remaining length of the portion 12b of the tubular member 12 is radially expanded and plastically 
deformed by the upper adjustable expansion mandrel 202. In several altematWe embodiments, the 
upper adjustable expansion mandrel 202 may be collapsed to the smaller dimension prior to the further, 
or complete, radial expansion and plastic deformation of the tubular member 12. 
jOlOSJ Referring to Fig. 23, in an exemplary embodiment, the method and apparatus of one or 
more of Figs. 1-22 are repeated to provide a mono diameter wellbore casing 300 within a borehole 302 
that traverses a subterranean formation 304 by successively overlapping and radially expanding and 
plastically deforming wellbore casing 306a-306d within the wellbore. In this manner, a wellbore casing 
300 is provided that defines an interior passage having a substantially constant cross sectional area 
throughout its length. In several alternative embodiments, the cross section of the wellbore casing 300 
may be, for example, square, rectangular, elliptical, oval, circular and/or faceted. 
10106] Referring to Figs. 24a-24k, an exemplary embodiment of an apparatus 400 for radially 
expanding and plastically deforming a tubular member includes a tubular support member 402 that 
defines a longitudinal passage 402a that is threadably coupled to and received within an end of a tool 
joint adaptor 404 that defines a longitudinal passage 404a and radial passages 404b and 404c. 
[01071 The other end of the tool joint adaptor 404 receives and is thieadably coupled to an end of a 
gripper upper mandrel 406 that defines a longitudinal passage 406a, external radial mounting holes, 
406b and 406c, an external annular recess 406d. an external annular recess 406e, hydraulic port 406f, 
an intenial annular recess 406g, hydraulic port 406h, external radial mounting holes, 406i and 406j, and 
Includes a flange 406k, and a flange 4061. Torsional locking pins. 408a and 408b, are coupled to the 
external radial mounting holes. 406b and 406c. respectively, of the gripper upper mandrel 406 and 
received within the radial passages, 404b and 404c, respectively, of the tool joint adaptor 404. 
10108] A spring retainer sleeve 410 that includes a flange 410a receives and is threadably coupled 
to the gripper upper mandrel 406 between an end face of the tool joint adaptor 404 and the flange 406k 
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Of the gripper upper mandrel. A bypass valve body 412 receives and is movably coupled to the gripper 
upper mandrel 406 that defines radial passages, 412a and 412b. and an internal annular recess 412c 
includes a flange 41 2d. 

10109] An end of a spring cover 414 receives and is movably coupled to the spring retainer sleeve 
410 that defines an internal annular recess 4 14a. The other end of the spring cover 414 receives and is 
threadably coupled to an end of the bypass valve body 4 12. A spring guide 416. a spring 418, and a 
spring guide 420 are positioned within an annular chamber 422 defined between the spring cover 414 
and the flange 406k of the gripper upper mandrel 406. Furthermore, an end of the spring guide 416 
abuts an end face of the spring retainer sleeve 410. 

[01101 Casing gripper locking dogs. 424a and 424b. are received and pivotally mounted within the 
radial passages, 412a and 412b. respectively, of the bypass valve body 412. An end of each of the 
casing gripper locking dogs. 424a and 424b, engage and are received within the outer annular recess 
406d of die gripper upper mandrel 406. An end of a debris trap 426 receives and is threadably coupled 
to an end of the bypass valve body 412. and the other end of the debris trap receives and is movably 
coupled to the flange 4061 of the gripper upper mandrel 406. 

(01111 An end of a gripper body 428 receives and is threadably coupled to an end of the gripper 
upper mandrel 406 that defines a longitudinal passage 428a, radial passages, 428b and 428c, radial slip 
mounting passages, 428d-428m. and radial passages. 428n and 428o, includes a flange 428p. 
[01121 Hydraulic slip pistons 432a-432j are movably mounted with the radial slip mounting 
passages 428d-428m. respectively, for movement in the radial direction. Retainers 434a-434j are 
coupled to the exterior of the flange 428p of the gripper body 428 for limiting the outward radial 
movement of the hydraulic slip pistons 432a-432j. respectively, and springs 436a-436j are positioned 
within the radial slip mounting passages, 428d-428m, respectively, of the gripperbody between the 
hydraulic slip pistons, 432a-432j, and the retainers, 434a-434j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 428d-428m, displaces the hydraulic 
slip pistons, 432a-432j. respectively, radially outwardly and compresses the springs. 436a-436j. 
respectively, and during depressurization of the radial slip mounting passages. 428d-428m, springs, 
436a-436j, respectively, displace the hydraulic slip pistons, 432a^32j. inwardly. In an exemplary 
embodiment, displacement of the hydraulic slip pistons 432a^32j radially outwardly permits at least 
portions of the hydraulic slip pistons to engage and grip an outer tubular member. 
10113] Torsional locking pins, 438a and 438b, are coupled to the external radial mounting holes. 
406i and 406j. respectively, of the gripper upper mandrel 406 and received within the radial passages. 
428b and 428c. respectively, of the gripper body 428. 

(01141 An end of a gripper body 440 receives and is threadably coupled to an end of the gripper 
body 428 that defines a longitudinal passage 440a, radial passages, 440b and 440c. radial slip mounting 
passages, 440d-440m, and radial passages. 440n and 440o, includes a flange 440p. 
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10115] Hydraulic slip pistons 442a442j are movably mounted with the radial slip mounting 
passages 440d^40m, respectively, for movement in the radial direction. Retainers 444a-444j are 
coupled to the exterior of the flange 440p of the gripper body 440 for limiting the outward radial 
movement of the hydraulic slip pistons 442a-442j, respectively, and springs 446a-446j are positioned 
within the radial slip mounting passages, 440d-440m, respectively, of the gripper body between the 
hydraulic slip pistons, 442a-442j. and the retainers, 444a-444j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 440d-440m, displaces the hydraulic 
slip pistons, 442a-442j, respectively, radially outwardly and compresses the springs, 446a^46j, 
respectively, and during depressurization of the radial slip mounting passages, 440d-440m, the springs, 
446a-446j. respectively, displace the hydraulic slip pistons, 442a^2j, radially inward. In an 
exemplary embodiment, displacement of the hydraulic slip pistons 442a^2j radially outwardly 
pemits at least portions of the hydrauHc slip pistons to engage and grip an outer tubular member. 
(01161 Torsional locking pins, 448a and 448b, are coupled to the external radial mounting holes, 
428n and 428o, respectively, of the gripper body 428 and received within the radial passages. 440b and 
440c, respectively, of the gripper body 440. 

[01171 An end of a tool joint adaptor 450 that defines a longitudinal passage 450a, radial passages, 
450b and 450c, and an inner annular recess 450d, receives and is threadably coupled to an end of the 
gripper body 440. Torsional locking pins, 452a and 452b, are coupled to the external radial mounting 
holes, 440n and 440o, respectively, of the gripper body 428 and received within the radial passages. 
450b and 450c, respectively, of the tool joint adaptor 450. 
• 101181 A bypass tube 454 that defines a longihJdinal passage 454a is received within the 
longitudinal passages. 406a. 428a, 440a, and 450a, of the gripper upper mandrel 406, the gripper body 
428. the gripper body 440, and the tool joint adaptor 450, respectively, is coupled to the recess 406g of 
the iripper upper mandrel at one end and is coupled to the recess 450d of the tool joint adaptor at the 
other end. 

(01191 An end of a cross over adaptor 456 that defines a longitudinal passage 456a receives and is 
threadably coupled to an end of the tool joint adaptor 450. The other end of the cross over adaptor 456 
is received within and is coupled to an end of a tool joint adaptor 458 that defines a longitudinal 
passage 458a and external radial mounting holes, 458b and 458c. 

101201 An end of a positive casing locking body 460 that defines a tapered longitudinal passage 
460a and radial passages, 460b and 460c, receives and is threadably coupled to the other end of the tool 
joint adaptor 458. Torsional locking pins. 462a and 462b. are coupled to the external radial mounting 
holes. 458b ami 458c, respectively, of the tool joint adaptor 458 and received within the radial passages, 
460b and 460c. respectively, of the positive castag locking body 460. 

(01211 An end of a positive casing locking dog 464 mates with, is received within, and is coupled 
to the other end of the positive casing locking body 460 that includes internal flanges, 464a and 464b, 
and an external flange 464c. In an exemplary embodiment, the external flange 464c of tlie positive 
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casing locking dog 464 includes an ribbed external surface 464d that engages and locks onto a ribbed 
internal suifece 466a of a positive casing locking collar 466. 

101221 One end of the positive casing locking collar 466 is threadably coupled to a casing 468 and 
the other end of the positive casing locking collar is threadably coupled to a casing 470 that defines 
radial mounting holes, 470a and 470b, at a lower end thereof. In this manner, the casings, 468 arid 470, 
are also engaged by and locked onto tlie positive casing locking dog 464. 

[0123] The other end of the positive casing locking dog 464 mates with, is received withm, and is 
coupled to an end of a positive casing locking body 472 that defines a tapered longitudinal passage 
472a and radial passages, 472b and 472c. The other end of the positive casing locking body 472 
receives, mates with, and is coupled to an end of a casing lock barrel adaptor 474 that defines external 
radial mounting holes, 474a and 474b, and external radial mounting holes, 474c and 474d. Torsional 
locWng pins, 475a and 475b, are coupled to the external radial mounting holes, 474a and 474b, 
respectively, of the casing lock barrel adaptor 474 and received within the radial passages, 472b and 
472c, respectively, of the positive casing locking body 472. 

[01241 An end of a positive casing lock releasing mandrel 476 that defines a longitudinal passage 
476a. an external annular recess 476b, an external annular recess 476c. an external annular recess 476d, 
and an external annubr recessed end portion 476e, is received within and movably coupled to an end of 
the tool joint adaptor 458. The middle portion of the positive casing lock releasing mandrel 476 is 
received within and mates with the internal flanges, 464a and 464b, of the positive casing locking dogs 
464. The other end of the positive casing lock releasing mandrel 476 is received within and is movably 
coupled to the end of the casing lock barrel adaptor 474, and the external annular recessed portion 476e 
of the positive casing lock releasing mandrel is threadably coupled to and received within an end of a 
positive casing lock lower mandrel 478 that defines a longitudinal passage 478a, external radial 
mounting holes, 478b and 478c, and an external annular recessed end portion 478d. 
[0125] A shear pin ring 480 that defines radial passages, 480a and 480b. receives and mates with 
the positive casing lock lower mandrel 478. Shear pins, 482a and 482b. are coupled to the external 
radial mounting holes, 478b and 478c, respectively, of the positive casing lock lower mandrel 478 and 
are received within the radial passages, 480a and 480b, respectively, of the shear pin ring 480. 
[01261 An end of an actuator barrel 484 that defines a longitudinal passage 484a, radial passages, 
484b and 484c, and radial passages, 484d and 484e, is threadably coupled to an end of the casing lock 
barrel adaptor 474. Torsional locking pins, 486a and 486b. are coupled to the external radial mounting 
holes, 474c and 474d, respectively, of the casing lock barrel adaptor and are received within the radial 
passages. 484b and 484c, respectwely, of the actuator barrel. 

[01271 The other end of the actuator barrel 484 is threadably coupled to an end of a barrel 
connector 486 that defines an internal annular recess 486a, external radial mounting holes, 486b and 
486c, radial passages, 486d and 486e, and external radial mounting holes, 486f and 486g. A sealing 
cartridge 488 is received within and coupled to the internal annular recess 486a of the barrel connector 
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486 for fluidicly sealing the interface between the barrel connector and the sealing cartridge. Torsional 
locking pins, 490a and 490b, are coupled to and mounted within the external radial mounting holes, 
486b and 486c, respectively, of the barrel connector 486 and received within the radial passages, 484d 
and 484e, of the actuator barrel 484. 

101281 The other end of the barrel connector 486 is threadably coupled to an end of an actuator 
barrel 492 that defines a longitudinal passage 492a, radial passages, 492b and 492c, and radial passages, 
492d and 492e. Toreional locking pins, 494a and 494b. are coupled to and mounted within the external 
radial mounting holes, 486f and 486g, respectively, of the barrel connector 486 and received within the 
radial passages, 492b and 492c, of the actuator barrel 492. The other end of the actuator barrel 492 is 
threadably coupled to an end of a barrel connector 496 that defines an internal annular recess 496a, 
external radial mounting holes, 496b and 496c radial passages, 496d and 496e, and external radial 
mounting holes, 496f and 496g. A sealing cartridge 498 is received within and coupled to the internal 
annular recess 496a of the barrel connector 496 for fluidicly sealing the interface between the barrel 
connector and the sealing cartridge. Torsional locking pins, 500a and 500b, are coupled to and 
mounted within the external radial mounting holes, 496b and 496c, respectively, of the barrel connector 
496 and received within the radial passages, 492d and 492e, of the actuator barrel 492. 
101291 The end of the barrel connector 496 is threadably coupled to an aid of an actuator barrel 
502 that defines a longitudinal passage 502a, radial passages, 502b and 502c. and radial passages, 502d 
and 502e. Torsional locking pins, 504a and 504b, are coupled to and mounted within the external radial 
mounting holes, 496f and 496g, respectively, of the barrel connector 496 and received within the radial 
passages, 502b and 502c, of the actuator barrel 502. The other end of the actuator barrel 502 is 
threadably coupled to an end of a barrel connector 506 that defines an internal annular recess 506a. 
external radial mounting holes, 506b and 506c, radial passages, 506d and 506e, and external radial 
mounting holes, 506f and 506g. Torsional locking pins, 508a and 508b, are coupled to and mounted 
within the external radial mounting holes, 506b and 506c, respectively, of the barrel connector 506 and 
received within the radial passages, 502d and 502e. of the actuator barrel 502. A sealing cartridge 5 10 
is received within and coupled to the internal annular recess 506a of the barrel connector 506 for 
fluidicly sealing the interface between the barrel connector and the sealing cartridge. 
[0130] The other end of the barrel connector 506 is threadably coupled to an end of an actuator 
barrel 512 that defines a longitudinal passage 512a. radial passages, 512b and 512c, and radial passages. 
512d and 512e. Torsional locking pins. 514a and 514b, are coupled to and mounted within the external 
radial mounting holes, 506f and 506g, respectively, of the barrel connector 506 and received within the 
radial passages, 512b and 512c, of the actuator barrel 512. The other end of the actuator barrel 512 is 
threadably coupled to an end of a lower stop 516 that defines an internal annular recess 516a, external 
radial mounting holes, 516b and 516c. and an internal annular recess 516d that includes one or more 
cireumferentially spaced apart locking teeth 5 16e at one end and one or more cireumferentially spaced 
apart locking teeth 516f at the other end. A sealing cartridge 518 is received within and coupled to the 
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internal annular recess 5 16a of the barrel connector 516 for fluidicly sealing the interface between the 
barrel connector and the sealing cartridge. Torsional locking pins, 520a and 52Qb, are coupled to and 
mounted within the external radial mounting holes, 516b and 516c, respectively, of the barrel connector 
516 and received witliin the radial passages, 512d and 512e, of the actuator barrel 512. 
10131] A connector tube 522 that defines a longitudinal passage 522a is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 488 mounted within the 
annular recess 486a of the bane! connector 486. In tiiis manner, during longitudinal displacement of 
the connector tube 522 relative to the barrel connector 486, a fhiidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the barrel connector. An end of the 
connector tube 522 is received within and is ftreadably coupled to an end of dart/ball guide 524 that 
defines a tapered passage 524a at the other end. 

[01321 The otfier end of the connector tube 522 is received within and threadably coupled to an 
end of a piston 526 that defines a longitudinal passage 526a and radial passages, 526b and 526c, that 
includes a flange 526d at one end. A sealing cartridge 528 is mounted onto and sealingly coupled to the 
exterior of the piston 526 proximate the flange 526d. The sealing cartridge 528 also mates with and 
sealingly engages the interior surface of the actuator barrel 492. In this manner, during longitudinal 
displacement of the piston 526 relative to the actuator barrel 492, a fluidic seal is mainUined between 
the exterior surface of the piston and the interior surface of the actuator bairel. 

(0133) The other end of the piston 526 receives and is threadably coupled to an end of a connector 
hibe 529 that defines a longiftidinal passage 528a. The connector tube 529 is received within and 
sealingly and movably engages the interior surface of the sealing carfi-idge 498 mounted within the 
annular recess 496a of the barrel connector 496. In this manner, during longitadinal displacement of 
the connector tube 529 relative to the barrel connector 496, a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of flie barrel connector, 
f 01341 The other end of the connector tube 529 is received within and threadably coupled to an 
end of a piston 530 that defines a longimdinal passage 530a and radial passages, 530b and 530c, that 
includes a flange 530d at one end. A sealing cartridge 532 is mounted onto and sealingly coupled to the 
exterior of the piston 530 proximate the flange 530d. The sealing cartridge 532 also mates with and 
sealingly engages the interior surfece of the actuator barrel 502. In this manner, during longitudinal 
displacement of the piston 530 relative to the actuator barrel 502^ a fluidic seal is maintained between 
the exterior sur&ce of the piston and the interior surface of the actuator banel. 
[0135] The other end of the piston 530 receives and b threadably coupled to an end of a connector 
tube 534 that defines a longitudinal passage 534a. The connector tube 534 is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 510 mounted within the 
annular recess 506a of Ae barrel connector 506. In this manner, during longitudinal displacement of 
the connector tube 534 relative to the barrel connector 506, a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the banrel connector. 
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101361 The other end of the connector tube 534 is received within and threadably coupled to an 

end of a piston 536 that defines a longitudinal passage 536a, radial passages, 536b and 536c. and 
external radial mounting holes, 536d and 536e, that includes a flange 536f at one end. A sealing 
cartridge 538 is mounted onto and sealingly coupled to the exterior of the piston 536 proximate the 
flange 536d. The sealing cartridge 538 also mates with and sealingly engages the interior surface of the 
actuator barrel 512. In this manner, during longitudinal displacement of the piston 536 relative to the 
actuator barrel 512, a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of the actuator barrel. 

(0137) The other end of the piston 536 is received within and threadably coupled to an end of a 
lock nut 540 that defines radial passages, 540a and 540b, and includes one or more cireumferentially 
spaced apart locking teeth 540c at the other end for engaging the cireumferentially spaced apart locking 
teeth 516e ofthe lower stop 516. 

10138] A threaded bushing 542 is received within and threadably coupled to the cireumferentially 
spaced apart locking teeth 540c ofthe lock nut 540. An end of a connector tube 544 that defines a 
longitudinal passage 544a is receded within and is threadably coupled to the threaded bushing 542. A 
scaling sleeve 546 is received within and is threadably coupled to adjacent ends ofthe piston 536 and 
the connector tube 544 for fluidicly sealing the interface between the end of the piston and the end of 
the connector tube. Torsional locking pins, 548a and 548b, are mounted within and coupled to the 
external radial mounting holes, 536d and 536e, respectively, ofthe piston 536 that are received within 
the radial passages, 540a and 540b, of the stop nut 540. 

[01391 The connector tube 544 is received within and sealingly and movably engages the interior 
surface ofthe sealing cartridge 5 1 8 mounted within the annular recess 51 6a of the barrel connector 5 16. 
In this manner, during longitudinal displacement ofthe connector tube 544 relative to the barrel 
connector 5 1 6, a fluidic seal is maintained between the exterior surface of the connector tube and the 
interior surface of the barrel connector. • 

(01401 The other end of the connector tube 544 is received within and is threadably coupled to a 
threaded bushing 550. The threaded bushing 550 is received within and threadably coupled to a lock 
nut 552 that defines radial passages, 552a and 552b, and Includes one or more cireumferentially spaced 
apart locking teeth S52c at one end for engaging the cireumferentially spaced apart locking teeth 516f 
ofthe lower stop 516. The other end ofthe lock nut 552 receives and is threadably coupled to an end of 
tool joint adaptor 554 that defines a longitudinal passage 554a, external radial mounting holes, 554b 
and 554c. Torsional locking pins, 556a and 556b, are mounted within and coupled to the external radial 
mounting holes. 554b and 554c, respectively, ofthe tool joint adaptor 554 that are received within the 
radial passages. 552a and 552b, ofthe stop nut 552. A sealing sleeve 558 is received within and is 
threadably coupled to adjacent ends ofthe connector tube 544 and the tool Joint adaptor 554 for 
fluidicly sealing the interface between the end ofthe connector tube and the end ofthe tool joint 
adaptor. 
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10141] The other end of the tool joint adaptor 554 is received within and threadably coupled to an 
end of a tool joint adaptor 560 that defines a longitudinal passage 560a. A torsion plate 562 is received 
within and threadably coupled to the other end of the tool joint adaptor 560 that defines a longitudinal 
passage 562a and includes one or more circumferentially spaced apart locking teeth 562b at one end. 
An end of an upper bushing 564 is also received within and threadably coupled to the other end of the 
tool joint adaptor 560 proximate the torsion plate 562 that receives and is threadably coupled to an end 
of a cup mandrel 566 that defines a longitudinal passage 566a and includes a plurality of 
circumferentially spaced apart locking teeth 566b at one end for engaging the circumferentially spaced 
apart locking teeth S62b of the torsion plate 562. The end of the cup mandrel 566 is farther positioned 
proximate an end fece of the torsion plate 562. 

(0142) A thimble 568 is mounted on and is threadably coupled to the cup mandrel 566 proximate 
an end face of the upper bushing 564. An inner tiiimble 570 is mounted on and is threadably coupled to 
the cup mandrel 566 proximate an end of the thimble 568, and one end of the inner thimble is received 
within and mates with the end of the thimble. A resilient packer cup 572 is mounted on and sealingly 
engages the cup mandrel 566 proximate an end of the inner thimble 570, and one end of the packer cup 
is received within and mates with the end of the inner thimble. A packer cup backup ring 574 is 
mounted on the inner thimble 570 proximate an end face of the thimble 568, and an end of the packer 
cup backup ring 574 receives and mates with the packer cup 572. A spacer 576 is mounted on and 
threadably engages the cup mandrel 566 proximate an end face of the packer cup 572. 
101431 A thimble 578 is mounted on and is threadably coupled to the cup mandrel 566 proximate 
an end of the spacer 576. An inner thimble 580 is mounted on and is threadably coupled to die cup 
mandrel 566 proximate an end of the thimble 578, and one end of the inner thimble is received within 
and mates with the end of the thimble. A resilient packer cup 582 is mounted on and sealingly engages 
the cup mandrel 566 proximate an end of the inner thimble 580, and one end of the packer cup is 
received within and mates with the end of the inner thimble. A packer cup backup ring 584 is mounted • 
on the inner thimble 580 proximate an end face of the thimble 578, and an end of the packer cup backup 
ring 584 receives and mates with the packer cup 582. An adjustable spacer 586 is mounted on and 
threadably engages the cup mandrel 566 proximate an end face of the packer cup 582. 
[01441 An end of a cone mandrel 588 that defines a longitudinal passage 588a, an external lock 
ring groove 588b, an external lock ring groove 588c, an external lock ring groove 588d, an external 
lock ring groove 588e, radial passages, 588f and 588g, and locking dog grooves 588h receives and is 
threadably coupled to an end of the cup mandrel 566. A shear pin bushing 590 that defines external 
radial mounting holes, 590a and 590b, at one end and an annular recess 590c at another end and 
includes circumferentially spaced apart locking teeth 590d at the other end is mounted on and is 
movably coupled to the cone mandrel 588. Torsional shear pins, 592a and 592b, are mounted within 
and coupled to the external radial mounting holes, 590a and 590b, respectively, of the shear pin bushing 
590 and received within the radial passages. 470a and 470b, respectively, of the end of tfie casing 470. 
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In this manner, torque loads may be transmitted between the casing 470 and the shear pin bushing 590. 
A resilient lock ring 594 is retained in rtie external lock ring groove 588b of the cone mandrel and 
received within the internal annular recess 590c at the end of the shear pin bushing 590. 

(0145) Referring to Figs. 24j, 25a, and 25b, an upper cone retainer 596 receives, mates with, and is 
coupled to the end of the shear pin bushing 590 that includes an internal flange 596a and an internal 
upper pivot point flange 596b. An end of an upper cam 598 includes a tubular base 598a that mates 
with, receives, and is movably coupled to the cone mandrel 588. The tubular base 598a of tlie upper 
cam 598 further includes an external flange 598b that is received within and mates with the upper cone 
retainer 596 proximate the internal flange 5%a of flie upper cone retainer and a plurality of 
circumferentially spaced apart locking teeth 598c that engage the circumferentially spaced apart locking 
teeth S90d of the end of the shear pin bushing 590. In this manner, the upper cam 598 is retained within 
tlie upper cone retainer 596 and torque loads may be tnmsmitted between the upper cam and the shear 
pin bushing 590. 

(0146) Referring to Figs. 25b and 25c. the upper cam 598 fiirther includes a plurality of 
circumferentially spaced apart cam arms 598d that extend from the tubular base 598a in the longitudinal 
direction that mate with, receive, and are movably coupled to the cone mandrel 588. Each cam arm 
598d includes an imier surface 598da that is an arcuate cylindrical segment, a first outer surface 598db 
that is an arcuate cylindrical segment, a second outer surface 598dc that is an arcuate conical segment, 
and a third outer surface 598dd that is an arcuate cylindrical segment. In an cxemplaiy embodiment, 
each of the cam arms 598d are identical. 

[01471 Referring to Figs. 24j, 25a, and 25d. a plurality of circumferentialy spaced apart upper cone 
segments 600 are interieaved among the cam arms 598d of the upper cam 598. In an exemplary 
embodiment, each upper cone segment 600 includes a first outer surface 600a that defines a hinge 
groove 600b, a second outer surface 600c. a third outer surface 600d, a fourth outer surface 600e. a first 
inner surface 600f, a second inner surface 600g. a third inner surface 600h. and a fourth inner surface 
600i. In an exemplary embodiment, the first outer surface 600a, the second outer surface 600c, the 
fourth outer surface 600e. the first inner surface 600f, the second inner surface 600g. and the fourth 
inner surface 600i are arcuate cylindrical segments. In an exemplary embodiment, the third outer 
surface 600d is an arcuate spherical segment In an exemplary embodiment, the third inner surface 
600h is an aicuate conical segment In an exempbry embodiment, each of the upper cone segments 
600 are identical. In an exemplary embodiment, the hinge grooves 600b of the upper cone segments 
600 receive and mate with the pivot point 596b of the upper cone retainer 596. In this manner, the 
upper cone segments 600 are pivotally coupled to the upper cone retainer 596. 
[01481 Referring to Figs. 24j. 25a. and 25e. a plurality of circumferentially spaced apart lower 
cone segments 602 overiap with and are interleaved among the upper cone segments 600. In an 
exemplary embodiment, each lower cone segment 602 includes a first outer surface 602a that defines a 
hinge groove 602b. a second outer surfece 602c, a third outer surface 602d, a fourth outer surface 602e, 
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a first inner surface 602f, a second inner surface 602g, a third inner surface 602h, and a fourth inner 
surface 602i. In an exemplary embodiment, the first outer surface 602a, the second outer surface 602c, 
the fourth outer surface 602e, the first inner surface 602f, the second inner surface 602g. and the fourth 
inner surface 602i are arcuate cylindrical segments. In an exemplary embodiment, the third outer 
surface 602d is an arcuate spherical segment. In an exemplary embodiment, the third inner surface 
602h is an arcuate conical segment. In an exemplary embodiment, each of the lower cone segments 
602 are identical. 

10149] Referring to Figs. 24j, 25a, 25b, and 25f, a plurality of circumferentially spaced apart cam 
arms 604a that extend in the longitudinal direction from a tubular base 604b of a lower cam 604 overlap 
and are interleaved among the circumferentially spaced apart cam arms 598d of the upper cam 598 and 
mate with, receive, and are movably coupled to the cone mandrel 588. The tubular base 604b of the 
lower cam 604 mates with, receives, and is movably coupled to the cone mandrel 588 and includes an 
external flange 604c and a pluraUty of circumferentially spaced apart locking teeth 604d. Each cam 
aim 604a includes an inner surfece 604aa that is an arcuate cylindrical segment, a first outer surface 
604ab that is an arcuate cylindrical segment, a second outer surface 604ac that is an arcuate conical 
segment, and a third outer surface 604ad that is an arcuate cylindrical segment In an exemplary 
embodiment, each of the cam arms 604a are identical. 

10150] An end of a lower cone retainer 606 includes an inner pivot point flange 606a that mates 
with and is received within the hinge grooves 602b of tlie lower cone segments 602. In this manner, the 
lower cone segments 602 are pivotally coupled to the lower cone retainer 606. The lower cone retainer 
606 further includes an inner flange 606b that mates with and retains the external flange 604c of the 
lower cam 604. In this manner, the lower cam 604 is retained within the lower cone retainer 606. 
(01511 The other end of the lower cone retainer 606 receives and is threadably coupled to an end 
of a release housing 608 that defines a radial passage 608a at another end and includes a plurality of 
circumferentially spaced apart locking teeth 608b at the end of the release housing for engaging the 
circumferentially spaced apart locking teeth 604d of die lower cam 604. In this manner, torque loads 
may be transmitted between the release housing 608 and the lower cam 604. An end of a lower 
mandrel 610 that defines a longitudinal passage 610a, an external radial mounting hole 6I0b. and radial 
passages 610c is received within, mates with, and is movably coupled to the other end of the release 
housing 608. A torsion locking pin 612 is mounted within and coupled to the external radial mounting 
hole 610b of the lower mandrel 610 and received within the radial passage 608a of the release housing 
608. In this manner, longitudinal and tonjue loads may be transmitted between the release housing 608 
and the lower mandrel 610. 

10152] An end of a locking dog retainer sleeve 614 that defines an inner annular recess 614a at one 
end and includes a plurality of ciicumferentially spaced apart locking teeth 614b at one end for 
engaging the locking teeth 604d of the lower cam 604 is received within and threadably coupled to an 
end of the lower mandrel 610. The locking dog retainer sleeve 614 is also positioned between and 
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movably coupled to the release housing 608 and the cone mandrel 588. Locking dogs 616 are received 
within the inner annular recess 614a of the locking dog retainer sleeve 614 that releasably engage the 
locking dog grooves 588h provided in the exterior surface of the cone mandrel 588. In this manner, tlie 
locking dogs 616 releasably limit the longitudinal displacement of the lower cone segments 602, lower 
cam 604, and the lower cone retainer 606 relative to the cone mandrel 588. 

(0153) A locking ring retainer 6 1 8 is received within and is threadably coupled to an end of the 
lower mandrel 610 that defines an inner annular recess 61 8a for retaining a resilient locking ring 620 
within the lock ring groove 588d of the cone mandrel 588. The locking ring retainer 618 further mates 
with and is movably coupled to the cone mandrel 588. An end of an emergency release sleeve 622 that 
defines radial passages 622a. an outer annular recess 622b, and a longitudinal passajgc 622c is received 
within and is threadably coupled to an end of the lower mandrel 610. The emergency release sleeve 
622 is also received within, mates with, and slidably and sealingly engages an end of the cone mandrel 
588. 

(01541 An end of a pressure balance piston 624 is received within, mates with, and slidably and 
sealingly engages the end of the lower mandrel 610 and receives, mates with, and is threadably coupled 
to an end of the cone mandrel 588. The other end of the pressure balance piston 624 receives, mates 
with, and slidably and sealmgly engages the emergency release sleeve 622. 

I01S5] An end of a bypass valve operating probe 626 that defines a longitudinal passage 626a is 
received within and is threadably coupled to another end of the lower mandrel 610. An end of an 
expansion cone mandrel 628 that defines radial passages 628a receives and is threadably coupled to the 
other end of the lower mandrel 610. A sealing sleeve expansion cone 630 is slidably coupled to the 
other end of the expansion cone mandrel 628 that includes an outer tapered expansion surface 630a. A 
guide 632 is releasably coupled to another end of the expansion cone mandrel 628 by a retaining collet 
634. 

• 10156) An end of an expandable sealing sleeve 636 receives and is mounted on the sealing sleeve 
expansion cone 630 and the guide 632. The other end of the expandable sealing sleeve 636 receives 
and is threadably coupled to an end of a bypass valve body 638 that defines radial passages, 638a and 
638b. An elastomeric coating 640 is coupled to the exterior of at least a portion of the expandable 
sealing sleeve 636. An end of a probe guide 642 that defines an inner annular recess 642a is received 
within and is threadably coupled to an end of the bypass valve body 638 and receives and mates with an 
end of the bypass valve operating probe 626. 

[01571 A bypass valve 644 that defines a longitudinal passage 644a and radial passages, 644b and 
644c and includes a collet locking member 644d at one end for releasably engaging an end of the 
bypass valve operating probe 626 is received within, mates with, and slidably and sealingly engages the 
bypass valve body 638. An end of a lower mandrel 646 that defines a longitudinal passage 646a 
receives and is threadably coupled to an end of the bypass valve body 638. 
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[01581 An end of a dart guide sleeve 648 that defines a longitudinal passage 648a is received 
within and is coupled to an end of the bypass valve body 638 and the other end of the dart guide sleeve 
648 is received within and is coupled with the lower mandrel 646. An end of a differential piston 650 
that includes an inner flange 650a at another end receives and is coupled to an end of the lower mandrel 
646 by one or more shear pins 652. An end of a float valve assembly 654 including a float valve 654a. 
a valve guard 654b, and a guide nose 654c receives and is threadabiy coupled to an end of the lower 
mandrel'646. A plurality of circumferentially spaced apart locking dogs 656 are pivotally coupled to 
the inner flange 650a of the differential piston 650 and are further supported by an end of the float valve 
assembly 654. 

10159J As illustrated in Figs. 24a.24k, in an exemplary embodiment, during operation of the 
apparatus 400, the apparatus is initially positioned within a preexisting structure 700 such as. for 
example, a wellbore that traverses a subtenanean formation. In several alternative embodiments, the 
wellbore 700 may have any inclination from vertical to horizontal. Furthermore, in several alternative 
embodiments, the wellbore 700 may also include one or more preexisting wellbore casings, or other 
well construction elements, coupled to the wellbore. During the positioning of the apparatus 400 within 
the wellbore 700. the casings. 468 and 470, are supported by the positive casing locking dog 464 and 
the torsional shear pins. 592a and 592b. In this manner, axial and toique loads may be transmitted 
between the casings. 468 and 470, and the tubular support member 402. 
10160] In an exemplary embodiment, as illustrated in Fig. 25h, prior to die assembly of the 
apparatus 400. the force of the spring 418 applies a sufficient downward longitudinal force to position 
the ends of the casing gripper locking dop. 424a and 424b, between the outer annular recesses. 406d 
and 406e, of the gripper upper mandrel 406 thereby placing the bypass valve body 412 in a neutral 
position. In an exemplary embodiment, when the apparatus 400 is assembled by inserting the apparatus 
into the casing 468, the ends of the casing gripper locking dogs. 424a and 424b. impact the upper end of 
the casing 468 and are thereby displaced, along with die bypass valve body 41 2, upwardly relative to 
the gripper upper mandrel 406 until the ends of the casing gripper locking dogs pivot radially inwardly 
into engagement with the outer amiular recess 406d of the gripper upper mandrel. In this manner, the 
bypass valve body 412 is positioned in an inactive position, as illustrated in Fig. 24a. tfiat fluidicly 
decouples die casing gripper hydraulic ports. 406f and 406h. The upward displacement of the bypass 
valve body 412 relative to the gripper upper mandrel 406 further compresses the spring 418. The 
bypass valve body 412 is tiien maintained in the inactive position due to die placement of the casing 
gripper locking dogs. 424a and 424b. widiin die casing 468 thereby preventing the ends of die casing 
gripper locking dogs from pivoting radially outward out of engagement widi the outer annular recess 
406d. 

[01611 Referring to Figs. 26a-26k. when die apparatus 400 is positioned at a desired predetermined 
position within the wellbore 700, a fluidic material 702 is injected into the apparatus through the 
passages 402a, 404a. 406a. 454a, 450a. 456a. 458a. 476a. 478a. 484a, 522a. 529a. 534a. 544a. 554a. 
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566a. 588a, 622c, 610a, 626a. 644a, and 646a and out of the apparatus through the float valve 654a. In 
this manner the proper operation of the passages 402a, 404a. 406a, 454a, 450a. 456a. 458a, 476a, 478a, 
484a, 522a. 529a. 534a. 544a, 554a, 566a, 588a, 622c, 610a, 626a. 644a, and 646a and the float valve 
654a may be tested. A dart 704 is then injected into the apparatus with the fluidic material 702 through 
the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a, 476a, 478a, 484a, 522a. 529a. 534a. 544a. 554a, 
566a. 588a. 622c, 610a, 626a, and 644a until the dart is positioned and seated in the passage 646a of the 
lower mandrel 646. As a resuk of the positioning of the dart 704 in the passage 646a of the lower 
mandrel 646, the passage of the lower mandrel is thereby closed. 

101621 The fluidic material 702 is then injected into the apparatus thereby increasing the operating 
pressure within the passages 402a, 404a, 406a, 454a, 450a, 456a. 458a, 476a. 478a. 484a, S22a. 529a, 
534a, 544a, 554a. 566a, 588a, 622c, 610a, 626a, and 644a. Furthermore, the continued injection of tlie 
fluidic material 702 into the apparatus 400 also causes the fluidic material 702 to pass through the radial 
passages, 526b and 526c, 530b and 530c, and 536b and 536c, of the piston 526, 530, and 536, 
respectively, into an amiular pressure chamber 706 defined between the actuator barrel 492 and the 
connector tube 529, an annular pressure chamber 708 defined between the actuator barrel 502 and the 
connector tube 534, and an amiular pressure chamber 710 defined between the actuator barrel 5 12 and 
the connector tube 544. 

(0163] The piessurization of the annular pressure chambers, 706. 708, and 710 then cause the 
pistons 526, 530, and 536 to be displaced upwardly relative to the casing 470. As a result, the 
connector tube 529. the connector tube 534, the connector tube 544, the threaded bushing 550, the lock 
nut 552, the tool joint adaptor 554, the sealing sleeve 558, the tool joint adaptor 560. the torsion plate 
562, the' upper bushing 564, the cup mandrel 566. the thimble 568, the inner thimble 570, the packer 
cup 572. the backup ring 574, the spacer 576. the tiiimble 578, the iraier thimble 580. the packer cup 
582. the'backup ring 584, the spacer 586, and the cone mandrel 588 ate displaced upwardly relative to 
tl,e basing 470, the shear pin bushing 590. the locking ring 594. the upper cone retainer 596. the upper 
cam 598, and the upper cone segments 600. 

[01641 As a result, as illustrated in Figs. 26J, 27a, and 27b, the shear pin bushing 590, the locking 
ring 594, the upper cone retainer 596. the upper cam 598, and the upper cone segments 600 are 
displaced downwardly relative to the cone mandrel 588, tiie lower cone segments 602, and the lower 
cam 604 thereby driving the upper cone segments 600 onto and up the cam arms 604a of tiie lower cam 
604, and driving the lower cone segments 602 onto and up the cam arms 598d of the upper cam 598. 
During the outward radial displacement of the upper and lower cone segments, 600 and 602, the upper 
and cone segments translate towards one another in the longitudinal direction and also pivot about the 
pivot points. 596b and 606a, of the upper and lower cone retainers, 596 and 606, respectively. 
101651 As a result, a segmented expansion cone is formed that includes a substantially continuous 
outer arcuate spherical surface provided by the axially aligned and interleaved upper and lower 
expansion cone segments, 600 and 602. Furthermore, the resilient locking ring 594 is relocated from 
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the lock ring groove 588b to the lock ring groove 588c thereby releasably locking the positions of the 
shear pin bushing 590, the locking ring 594, the upper cone retainer 596, the upper can, 598, and the 
upper cone segments 600 relative to the cone mandrel 588. 

101661 Referring to Figs. 28a to 28j, the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize annular pressure chambers. 706, 708. and 710. As a result, an 
upward axial force is applied to the shear pin bushing 590 that causes the toniional shear pins. 592a and 
592b, to be sheared thereby decouplmg the wellbore casing 470 from the shear pin bushing 590 and 
permitting the pistons 526, 530, and 536 to be further displaced upwardly relative to the casing 470. 
The further upward displacement of the pistons 526. 530, and 536 in turn displaces the cone mandrel 
588, the upper cam 598. the upper cone segments 600. the lower cone segments 602, and the lower cam 
604 upwaidly relative to the casing 470. As a result, the segmented expansion cone provided by the 
interleaved and axially aligned upper and lower cone segments. 600 and 602. radially expands and 
plastically deforms a portion of the casing 470. 

10167) Referring to Figs. 29a-29m, during the continued injection of the fluidic material 702. the 
segmented expansion cone provided by the interleaved and axially aligned upper and lower cone 
segments, 600 and 602. will continue to be displaced upwardly relative to the casing 470 thereby 
continuing to radially expand and plastically deform the casing until the locking dogs 656 engage and 
push on the lower end of the casing 470. When the locking dogs 656 engage and push on the lower end 
of the casing 470. the locking dogs 656, the float valve assembly 654. the differential piston 650. the 
dart guide sleeve 648. the lower mandrel 646, the bypass valve 644, the elastomeric coating 640, the 
bypass valve body 638, the expandable sealing sleeve 636, the retaining collet 634. the guide 632, the 
sealing sleeve expansion cone 630, the expansion cone mandrel 628, the bypass valve operating probe 
626, the pressure balance piston 624. the emergency release sleeve 622, the resilient locking ring 620, 
the lockmg ring retainer 618, the locking dogs 616. the locking dog retainer sleeve 614, the torsion 
locking pin 612. the lower mandrel 610, the release housing 608, the lower cone retainer 606, the lower 
cam 604, and the lower cone segments 602 are displaced downwardly in the longitudinal direction 
relative to the cone mandrel 588. As a result, the upper cam 598 and the upper cone segments 600 are 
moved out of axial alignment with the lower cone segments 602 and the lower cam 604 thereby 
coUapsmg the segmented expansion cone. Furthennore. the locking ring620 is moved from the lock 
ring groove 5«8d to the lock ring groove 588e thereby releasably fixing the new position of the lower 
cone segments 602 and the lower cam 604. 

101681 In particular, as illusnated in Fig. 30a. when a downward tensile longitudinal force is 
imtially applied to the lower mandrel 610 relative to cone mandrel 588. the lower mandrel, the locking 
dog retainer sleeve 614, and the tocking ring retainer 6 1 8 are displaced downwardly relative to the cone 
mandrel 588 when the applied tensile force is sufficient to release the locking ring 620 from 
engagement with the lock ring groove 588d. As illustrated in Fig. 30b. if the applied tensile force is 
sufficient to release the locking ring 620 from engagement with the lock ring groove 588d. the lower 
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mandrel 610. the locking dog retainer sleeve 614, and the locking ring retainer 618 are displaced 
downwardly relative to the cone mandrel 588 thereby displacing the annular recess 614a of the locking 
dog retainer sleeve downwardly relative to the locking dogs 616. As a result, the locking dogs 616 are 
released from engagement with the locking dog grooves 588h of the cone mandrel 588 Uiereby 
permitting the lower cone segments 602, the lower cam 604, and the lower cone retainer 606 to be 
displaced downwardly relative to the cone mandrel 588. 

10169) As illustrated in Fig. 30c, further downward displacement of the lower mandrel 610 then 
causes the torsion locking pin 612 to engage and displace the release housing 608 downwardly relative 
to the cone mandrel 588 thereby displacing the locking dogs 616, the lower cone retainer 606, the lower 
cam 604, and die lower cam segments 602 downwardly relative to the cone mandrel. As a result, the 
lower cone segments 602 and the tower cam 604 are displaced downwardly out of axial alignment with 
the upper cam 598 and the upper cam segments 600 thereby collapsing the segmented expansion cone. 
Furthermore, the dovraward displacement of the locking dog retainer sleeve 614 also displaced the 
locking ring retainer 618 and the locking ring 620 downwardly relative to the cone mandrel 588 thereby 
relocating the locking ring from the lock ring groove 588d to the lock ring groove 588e. In this manner, 
die now posHion of the lower cone segments 602 and the lower cam 604 are thereby releasably fixed 
relative to the cam mandrel 588 by the locking ring 620. 

101701 The operations of Figs- 30a-30c may be reversed, and the segmented expansion cone may 
again be expanded, by applying a upward compressive force to die lower mandrel 610. If the 
compressive force is sufficient, the locking ring 620 will be released from engagement with die lock 
ring groove 588e, diereby permitting die lower mandrel 610 and die locking dog retainer 614 to be 
displaced upwardly relative to die cone mandrel 588. As a result, die locking dog retainer 614 will 
engage and displace die locking dogs 616. the lower cam 604, the lower cone segments 602, the lower 
cone retainer 606, and the release housing 608 upwardly relative to the cone mandrel 588 Uiereby 
bringing die upper cam 598 and the upper cone segments 600 back into axial aligmnent widi the lower 
cone segments 602 and the lower cam 604. As a result, the segmented expansion cone is once again 
expanded. Once die segmented cone has been fiilly expanded, the locking dogs 616 will once again be 
positioned in alignment widi the locking dog grooves 588h of die cone mandrel 588 and will thereby 
once again engage die locking dog grooves. The continued upward displacement of the lower mandrel 
610 relative to cone mandrel 588 will diereby also upwardly displace die tocking dog retainer 614 
upwardly relative to die cone mandrel diereby once again capturing and restraining the locking dogs 
616 within die annular recess 614a of die locking dog retainer. As a result, die new expansion position 
of die lower cone segments 602 and die lower cam 604 relative to the cone mandrel 588 will be 
releasably locked bydie locking dogs 616. Furdiermore, die locking ring 620 will also be relocated 
from engagement witii die tock ring groove 588e to engagement witii die lock ring groove 588d to 
diaeby releasably lock the expanded segmented cone in the expanded position. 
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(01711 Referring to Figs. 3 la-31n, the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize the piston chambers 706, 708, and 710 thereby further displacing 
the pistons upwardly 526, 530, and 536 upwardly relative to the support member 402. Because the 
engagement of tiie locking dogs 656 with the lower end of tlie casing 470 prevents float valve 654 from 
entering the casing, the continued upward displacement of the pistons 526, 530, and 536 relative to the 
support member 402 causes the bypass valve operating probe 626 to be displaced upwardly relative to 
the support member thereby disengaging the bypass valve operating probe fhwn the piobe guide 642, 
and also causes the sealing sleeve expansion cone 630 to be displaced upwardly relative to the 
expandable sealing sleeve 636 thereby radially expanding and plastically deforming the sealing sleeve 
636 and the elastomeric coating 640 into sealing engagement with the interior surfece of the lower end 
of the casing 470. As a result, the lower end of the casing 470 is fluidicly sealed by the combination of 
the sealing engagement of the sealing sleeve 636 and elastomeric coating 640 with the interior surface 
of the lower end of the casing and the positioning the dart 704 within die passage 646a of the lower 
mandrel 646. 

101721 Continued mjection of the fluidic material 702 into the apparatus 400 continues to 
pressurize the piston chambers 706. 708, and 710 until the pistons 536, 530 and 536 are displaced 
upwardly relative to the casing 470 to dieir maximum upward position relative to the support member 
402. As a result, the dart ball guide 524 impacts the positive casing lock mandrel 478 with sufficient 
force to shear the shear pins, 428a and 428b, thereby decoupling the positive casing lock mandrel 478 
from the casing lock banel adaptor 474. The positive casing lock mandrel 478 is dien displaced 
upwardly relative to the support member 402 which in turn displaces the positive casing lock releasing 
mandrel 476 upwardly relative to the positive casing locking dogs 464. As a result, the internal flanges. 
464a and 464b, of the positive casing locking dogs are relocated into engagement with the annular 
recesses^ 476c and 476d, respectively, of die positive casing lock releasing mandrel 476. The positive 
casing lock casing collar 466 is thereby released from engagement with the positive casing locking dogs 
464 thereby releasing the casings 468 and 470 from engagemem with die support member 402. As a 
result, die positions of the casings, 468 and 470, are no longer fixed relative to the support member 402. 
[0173] Referring to Figs. 32a-32k, the injection of die fluidic material 702 is stopped and the 
support member 402 is dien lowei«d into die wellbore 700 until the float vaWe assembly 654 impacts 
the bottom of the wellbore. The support member 402 is then further lowered into die wellbore 700, 
witti die float valve assembly 654 resting on die bottom of the wellbore, until die bypass valve 
operating probe 626 impacts and displaces die bypass valve 644 downwardly relative to the bypass 
valve body 638 to fluidicly couple die passages, 638a and 644b. and die passages, 638b and 644c. and 
until sufficient upward compressive force has been applied to the lower mandrel 610 to re-expand die 
segmented expansion cone provided by die cone segments, 600 and 602. In an exemplary 
embodiment, the collet locking member 644d of the bypass valve 644 will also engage an end of the 
bypass valve operating probe 626. 
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[01741 In an exemplary embodiment, the support member 402 is lowered downwardly into the 
wellbore 700 such that sufficient upward compressive force is applied to the lower mandrel 610 to 
release the locking ring 620 from engagement with the lock ring groove 588e. thereby pennitting the 
lower mandrel 610 and the locking dog retainer 614 to be displaced upwardly relative to the cone 
mandrel 588. As a result, the locking dog retainer 614 will engage and displace the locking dogs 616, 
the lower cam 604, the lower cone segments 602, the lower cone retainer 606. and the release housing 
608 upwardly relative to the cone mandrel 588 thereby bringing the upper cam 598 and the upper cone 
segments 600 back into axial alignment with the lower cone segments 602 and the lower cam 604. As a 
result, the segmented expansion cone is once again expanded. Once the segmented cone has been folly 
expanded, the locking dogs 6 16 wUl once again be positioned in aligmnent with the locking dog 
grooves 588h of the cone mandrel 588 and will thereby once again engage the locking dog grooves. 
The continued upward displacement of the lower mandrel 610 relative to cone mandrel 588 will thereby 
also upwardly displace the locking dog retainer 61 4 upwardly relative to the cone mandrel thereby once 
again capturing and restraining the locking dogs 6 1 6 within the annular recess 61 4a of the locking dog 
retainer. As a result, the new expansion position of the lower cone segments 602 and the lower cam 
604 relative to the cone mandrel 588 will be releasably locked by the locking dogs 616. Furthermore, 
the locking ring 620 will also be relocated from engagement with the lock ring groove 588e to 
engagement with the lock ring groove 588d to thereby releasably lock the expanded segmented cone in 
the expanded position. 

101751 A hardenable fluidic sealing material 712 may then be injected into the apparatus 400 
through the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a, 476a, 478a, 522a, 526a, 529a, 530a, 
534a, 536a, 544a, 554a, 566a. 588a, 622a, 610a, 626a, 638a, 638b, 644b, and 644c, and out of tlie 
apparatus through the circumferential gaps defined between the circumferentially spaced apart locking 
dogs 656 into the annulus between the casings 468 and 470 and the wellbore 700. In an exemplaiy 
embodimeht. the hardenable fluidic sealing material 712 is a cement suitable for well construction. The 
hardenable fluidic sealing material 7 1 2 may then be altowed to cure before or after the further radial 
expansion and plastic deformation of the casings 468 and/or 470. 

101761 RefeiTing to Figs. 33a-33p, after completing the injection of the fluidic material 712. the 
support member 402 is then lifted upwardly thereby displacing the bypass valve operating probe 626 
and the bypass valve 644 upwardly to fluidicly decouple the passages, 638a and 644b and 638b and 
644c, until the collet locking member 644d of the bypass valve is decoupled from the bypass valve 
operating probe. The support member 402 is then farther lifted upwardly until the segmented 
expansion cone, provided by the interleaved and axially aligned cone segments, 600 and 602, impacts 
the transition between the expanded and unexpanded sections of the casing 470. A fluidic material 714 
is then injected into the apparatus 400 through the passages 402a, 404a, 406a, 454a, 450a, 456a. 458a, 
476a, 478a, 484a. 524a, 522a. 526a. 529a, 530a, S34a. 536a, 544a, 554a, 566a, 588a. 622c, 610a, and 
626a thereby pressurizing the mterior portion of the casing 470 below the packer cups. 572 and 582. In 
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particular, the packer cups. 572 and 582, engage the interior surface of the casings 468 and/or 470 and 
thereby provide a dynamic movable fluidic seal. As a result, the pressure differential across the packer 
cups, 572 and 582, causes an upward tensile force that pulls the segmented expansion cone provided by 
the axially aligned and interleaved cone segments, 600 and 602, to be pulled upwardly out of the 
casings 468 and/or 407 by the packer cups thereby radially expanding and plastically defonning the 
casings. Furthermore, the lack of a fluid tight seal between tlie cone segments, 572 and 582. and the 
casings 468 and/or 470 permits the fluidic material 714 to lubricate the interface between the cone 
segments and the casings during the radial expansion and plastic deformations of the casings by the 
cone segn«nts. In an exemplary embodiment, during the radial expansion and plastic deformation of 
the wellbore casings 468 and/or 470. the support member 402 is lifted upwardly out of the wellbore 
700. In several alternative embodiments, the casings 468 and/or 470 are radially expanded and 
plastically deformed into engagement with at least a portion of the interior surface of the wellbore 700. 
[0177] Referring to Figs. 34a.34l, in an exemplary embodiment, a preexisting wellbore casing 716 
is coupled to. or otherwise support by or within. Uie wellbore 700. In an exemplary embodiment, 
during the mdial expansion and plastic deformation of the portion of the casing 468 and/or 470 that 
overlaps with the preexisting casing 716. during the continued injection of the fluidic material 714, the 
bypass valve body 412 is shifted downwardly relative to the gripper upper mandrel 406 thereby 
fluidicly coupling the casing gripper hydraulic ports, 406f and 406h. As a result, the interior passages, 
428a and 440a, of the gripper bodies. 428 and 440. are pressurized thereby displacing the hydraulic slip 
pistons. 432a-432j and 442a^2j. radially outward into engagement with the interior surface of the 
preexisting wellbore casing 716. After the hydraulic slip pistons. 432a-432j and 442a-442j. engage the 
preexisting wellbore casing 716. the continued injection of the fluidic material 714 causes the 
segmented expansion cone including the axially aligned and interleaved cone segments, 600 and 602, to 
be pulled through the overlapping portions of the casings 468 and/or 470 and the preexisting wellbore 
casing by the upward displacement of the pistons, 526, 530. and 536. relative to the preexisting 
wellbore casing. In this manner, the overlapping portions of the casings 468 and/or 470 and the 
preexisting wellbore casing 7 1 6 are simultaneously radially expanded and plastically deformed by the 
upward displacement of the segmented expansion cone including the axlally aligned and interleaved 
cone segments, 600 and 602. In several alternative embodiments, the hydraulic slip pistons. 432a-432j 
and 442a-442j, are displaced radially outwanl into engagement with the interior surface of the casings 
468 and/or 470 and/or the preexisting wellbore casing 716. 

101781 In an exemplary embodiment, the bypass valve body 412 is shifted downwardly relative to 
the gripper upper mandrel 406 by lowering the casing gripper locking dogs. 424a and 424b. using the 
support member 402 to a posMon below the unexpanded portions of the casings 468 and/or 470 into the 
radially expanded and plastically deformed portions of the casings. TTe ends of the casing gripper 
locking dogs. 424a and 424b. may then pivot outwardly out of engagement with the outer annular 
recess 406d of the gripper upper mandrel 406 and then are displaced downwardly relative to the gripper 
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upper mandrel, along with the bypass valve body 412, due to the downward longitudinal force provided 
by the compressed spring 418. As a result, the bypass valve body 412 is placed in the neutral position 
illustrated in Fig. 25h. The casing gripper locking dogs, 424a and 424b. are then displaced upwardly 
relative to the casing gripper upper mandrel 406 using the support member 402 thereby impacting the 
casing gripper locking dogs witii the interior diameter of the unexpanded portion of the casings 468 
and/or 470. As a result, the casing gripper locking dogs, 424a and 424b, are displaced downwardly, 
along with the bypass valve body 412. relative to the casing gripper upper mandrel 406 until the ends of 
the casing gripper locking dogs pivot radially inwardly into engagement with the outer annular recess 
4C6e of the casing gripper upper mandrel thereby positioning the bypass valve body in an active 
position, as illustrated in Fig. 34a, in which the casing gripper hydraulic ports, 406f and 406h, are 
fluidicly coupled. 

[0179] In an alternative embodiment, the bypass valve body 412 is shifted downwardly relative to 
tlie gripper upper mandrel 406 by raising the casing gripper locking dogs, 424a and 424b, to a position 
above the casing 468 using the support member 402 thereby permitting the ends of the casing gripper 
locking dogs to pivot radially outwanl out of engagement with the outer annular recess 406d of the 
gripper upper mandrel 406. The ends of the casing gripper locking dogs, 424a and 424b, are then 
displaced downwardly relative to the gripper upper mandrel, along with the bypass valve body 4 12, due 
to the downward longitudinal force piDvided by the compressed spring 41 8, into engagement with the 
outer annular recess 406c of the casing gripper upper mandrel thereby positioning the bypass valve 
body in an active position, as illustrated in Fig. 34a, in which the casing gripper hydraulic ports, 406f 
and 406h, are fluidicly coupled. 

(01801 In an exemplary embodiment, the process of pulling tiie segmented expansion cone 
provided by pulling the interleaved and axially aligned cone segments, 600 and 602, upwardly through 
the overlapping portions of the casings 468 and/or 470 and the preexisting wellbore casing 716 is 
repeated by repeatedly stroking the pistons, 526, 530, and 536, upwardly by repeatedly a) injecting the 
fluidic material 714 to pressurize the apparatus 400 thereby displacing the segmented expansion cone 
upwardly, b) depressurizing the apparatus by halting die injection of the fluidic material, and then c) 
lifting the elements of the apparatus upwardly using the support member 402 in order to properly 
position the pistons for another upward stroke. 

(01811 Referring to Figs. 35a-35l, in an exempiaiy embodiment, during the operation of the 
apparatus 400. the segmented expansion cone provided by the interleaved and axially aligned cone 
segments, 600 and 602, may be collapsed thereby moving the cone segments out of axial aligrnneot by 
injecting a ball phig 718 into the apparatus using the injected fluidic material 714 through the passages 
402a. 404a. 406a. 454a, 450a, 456a, 458a, 476a, 484a, 522a, 529a. 534a. 544a. 554a, 566a, and 588a 
into sealing engagement with the end of the emergpncy releasing sleeve 622. The continued injection 
of the fluidic material 714 following the sealmg engagement of the ball plug 718 with the end of the 
emergency releasing sleeve 622 will apply a downward longitudinal tensile force to the lower mandrel 
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610. As a result, as illustrated and described above with reference to Fig. 30a, when the downward 
tensile longitudinal force is initially applied to the lower mandrel 610 relative to cone mandrel 588, the 
lower mandrel, the locking dog retainer sleeve 614, and the locking ring retainer 61 8 are displaced 
downwardly relative to the cone mandrel 588 when the applied tensile force is sufficient to release the 
locking ring 620 from engagement with the lock ring groove 588d. As illustrated in Fig. 30b. if the 
applied downward tensile longitudinal force is sufficient to release the locking ring 620 from 
engagement with the lock ring groove 588d, the lower mandrel 610. the locking dog retainer sleeve 
614, and the locking ring retainer 61 8 are displaced downwardly relative to the cone mandrel 588 
thereby displacing the annular recess 614a of the locking dog retainer sleeve dowmvardly relative to the 
locking dogs 616. As a result, the locking dogs 616 are released fi»m engagement with the locking dog 
grooves 588h of the cone mandrel 588 thereby permitting the lower cone segments 602. the lower cam 
604. and the lower cone retainer 606 to be displaced downwardly relative to the cone mandrel 588. 
(01821 As illustrated in Fig. 30c, fiirther downward displacement of the lower mandrel 610 then 
causes the torsion locking pin 612 to engage and displace the release housing 608 downwardly relative 
to the cone mandrel 588 thereby displacing the locking dogs 616, the lower cone retainer 606. the lower 
cam 604, and the tower cam segments 602 dowmvardly relative to the cone mandrel. As a result, the 
tower cone segments 602 and the tower cam 604 are displaced downwardly out of axial alignment with 
the upper cam 598 and the upper cam segments 600 thereby collapsing the segmented expansion cone. 
Furthermore, the downward displacement of the locking dog retainer sleeve 614 also displaced the 
locking ring retainer 618 and the locking ring 620 downwardly relative to the cone mandrel 588 thereby 
relocating the locking ring from the lock ring groove 588d to the lock ring groove 588e. In this manner, 
the now position of the lower cone segments 602 and the lower cam 604 are thereby releasably fixed 
relative to the cam mandrel 588 by the locking ring 620. 

101831 Referring now to Fig. 36a, an exemplary embodiment of the operatton of the pressure 
balance piston 624 during an exemplary embodiment of the operation of the apparatus 400 will now be 
described. In particular, after the dart 704 is positioned and seated in the passage 646a of the lower 
mandrel 646. the operating pressure widiin the passage 622c will increase. As a result, the operating 
pressure within the passages 622a will increase thereby increasing the operating pressures within the 
passages, 588f and 588g, of the cone mandrel 588. and within an annulus 720 defined between the cone 
mandrel 588 and lower mandrel 610. The operating pressure within the annulus 720 acts upon an end 
face of the pressure balance piston 624 thereby applying a downward longitudinal force to the cone 
mandrel 588. As a result, the cone mandrel 588 and the locking dog retainer sleeve 614 could 
inadvertently be displaced away from each other in opposite directions during the pressurization of the 
interior passages of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of 
the lower mandrel 646 thereby potentially collapsing the segmented expansion cone including die 
interleaved and axially aligned cone segments, 600 and 602. Thus, the pressure balance piston 624, in 
an exemplary embodiment, neutralizes the potential effects of the pressurization of the interior passages 
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of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of the lower mandrel 
646. 

101841 Referring now to Fig. 36b, an exemplary embodiment of die operation of the pressure 
balance piston 624 during another exemplary embodiment of the operation of the apparatus 400 will 
now be described. In particular, during the placement of the ball 718 within the passage 622c of the 
releasing sleeve 622, the interior passages of the apparatus 400 upstream from the ball are pressurized. 
However, since the ball 7 1 8 blocks the passage 622c, the passage 622a is not pressurized. As a result, 
the pressure balance piston 624 does not apply a downward longitudinal force to the cone mandrel 588. 
As a result, the pressure balance piston 624 does not interfere with the collapse of the segmented 
expansion cone including the interieaved and axially aligned cone segments, 600 and 602. caused by 
the placement of the ball? 1 8 within the mouth of the passage 622c of the release sleeve 622. 
101851 An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of the expandable 
tubular member, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to tlie adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, and a support member coupled to the locking device. 

[0186] A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning an adjustable expansion mandrel within 
the expandable tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out of the 
expandable tubular member, increasing die outside dimension of die adjustable expansion mandrel, and 
displacing the adjustable expnsion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deform n portions of the expandable tubular member. 
101871 A method for foming a mono diameter wellbore casing has been described that includes 
positioning an adjustable expansion mandrel wrthin a first expandable tubular member, supporting the 
first expandable tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the first expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member within the borehole, positioning the adjustable 
expansion mandrel within a second expandable tubular member, supporting die second expandable 
tubular member and the adjustable expansion mandrel within the borehole in overlapping relation to the 
first expandable tubular member, lowering the adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, and 
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displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second expandable tubular 
member within the borehole. 

[0188] An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of the expandable 
tubular member^ an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace die adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, a support member coupled to die locking device, and a sealing member for sealingly engaging 
the expandable tubular member adapted to define a pressure chamber above the adjustable expansion 
mandrel during radial mpansion of the expandable tubular member. 

[01891 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning an adjustable expansion mandrel within 
the expandable tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out of the 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deform n portions of the expandable tubular member within the 
borehole, and pressurizing an interior region of the expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the expandable tubular 
member within the borehole. 

(01901 A method for forming a mono diameter wellbore casing has been described that includes 
positioning an adjustable expansion mandrel within a first expandable tubular member, supporting the 
first expandable tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable e^qiansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing tlie adjustable expansion mandrel upwardly 
relative to the first expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member within the borehole, pressurizing an interior region of 
the first expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic deformation of the first expandable tubular member within the borehole, 
positioning the adjustable expansion mandrel within a second expandable tubular member, supporting 
the seccMid expandable tubular member and Ae adjustable expansion mandrel within the borehole in 
overlapping relation to the first expandable tubular member, lowering the adjustable expansion mandrel 
out of the second expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the second 
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expandable tubular member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the borehole, and pressurizing an interior region of the second 
expandable tubular member above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the second expandable tubular member within tlie borehole. 
|0191| An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes a float shoe adapted to mate with an end of the expandable tubular 
member, a drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a larger outside 
dimension for radial expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking device coupled to 
the actuator adapted to controllably engage the expandable tubular member, and a support member 
coupled to the locking device. 

[0192] A method for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes positioning an adjustable expansion mandrel within the expandable tubular 
member, coupling a drilling member to an end of the expandable tubular member, drilling the borehole 
using the drilling member, positioning the adjustable expansion mandrel and the expandable tubular 
member widiin the drilled borehole, lowering the adjustable expansion mandrel out of the expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, and displacing 
the adjustable expansion mandrel upwardly relative to the expandable tubular member n times to 
radially expand and plastically deform n portions of the expandable tubular member within the drilled 
borehole. 

(0193) A method for forming a mono diameter wcllbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, coupling a drilling member to an end of the first expandable tubular member, drilling a first 
section of the borehole using the drilling member, supporting the first expandable tubular member and 
the adjustable expansion mandrel within the drilled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing tlie outside dimension of the 
adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the 
first expandable tubular member m tunes to radially expand and plastically deform m portions of the 
fiist expandable tubular member within the drilled first section of the borehole, positioning the 
adjustable expansion mandrel v«thin a second expandable tubular member, coupling the drilling 
member to an end of the second expandable tubular member, drilling a second section of the borehole 
using the drilling member, supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first expandable tubular member 

43 



wo 03/042487 PCT/l)S02/3<)267 

within the second drilled section of the borehole, lowering the adjustable expansion mandrel out of the 
second expandable tubular member, increasing the outside dimension of the adjustable expansion 
mandrel, and displacing the adjustable expansion mandrel upwardly relative to the second expandable 
tubular member n times to radially expand and plastically deform n portions of the second expandable 
tubular member within the drilled second section of the borehole. 

[01941 An apparatus for drilling a borehole within a subterranean formation and tlien radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes a float shoe adapted to mate with an end of the expandable tubular 
member, a drilUng member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a larger outside 
dimension for radial expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustoble expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking device coupled to 
the actuator adapted to controllably engage the expandable tubular member, a support member coupled 
to the locking device, and a sealing member for sealing engaging the expandable tubular member 
adapted to define a pressure chamber above the adjustable expansion mandrel during the radial 
expansion of the expandable tubular member. 

10195] A method for drilling a borehole wiAin a subterranean foimation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes positioning an adjustable expansion mandrel within the expandable tubular 
member, coupling a drilling member to an end of the expandable tubular member, drilling the borehole 
using the drilling member, positioning the adjustable expansion mandrel and the expandable tubular 
member within the drilled borehole, lowering the adjustable expansion mandrel out of the expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member n times to radially 
expand and plastically deform n portions of the expandable tubular member within the drilled borehole, 
and pressuring an interior portion of the expandable tubular member above the adjustable expansion 
mandrel during the radial expansion and plastic deformation of the expandable tubular member within 
the drilled borehole. 

101961 A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, coupling a drilling member to an end of the first expandable tubular member, drilling a first 
section of the borehole using the drilling member, supporting the first expandable tubular member and 
the adjustable expansion mandrel within the drilled fiist section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasingthe outside dimension of the 
adjustoble expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the 
first expandable tubular member m times to radially expand and plastically deform m portions of the 
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f,«t expandable tubular member within the drilled first section of the borehole, pressuring an interior 
portion of the first expandable tubular member above the adjustable expansion mandrel during the 
radial expansion and plastic deformation of the first expandable tubular member within tlie first drilled 
section of the borehole, positioning the adjustable expansion mandrel within a second expandable 
tubular member, coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling member, supporting the second expandable 
tubular member and the adjustable expansion mandrel within the borehole in overlapping relation to the 
first expandable tubular member within the second drilled section of die borehole, lowering the 
adjustable expansion mandrel out of the second expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the second expandable tubular member n times to radially expand and plastically defonn n 
portions of the second expandable tubular member within the drilled second section of the borehole, 
and pressuring an interior portion of the second expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the second expandable 
tubular member witiiin the drilled se«»d section of the borehole. 

101971 An apparatus for radially expandmg and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate whh an end of the expandable 
tubular member, a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a first larger outside dimension for radial expansion of the expandable tubular 
member or collapsed to a first smaller outside dimension, a second adjustable expansion mandrel 
coupled to the first adjustable expansion mandrel adapted to be controllably expanded to a second 
larger outside dimension for radial expansion of the expandable tubular member or collapsed to a 
second smaller outside dimension, an actuator coupled to the first and second adjustable expansion 
mandrels adapted to controllably displace the first and second adjustable expansion mandrels relative to 
the expandable tubular member, a locking device coupled to die actuator adapted to controllably engage 
the expandable tubular member, and a support member coupled to the locking device. The first larger 
outside dimension of the first adjustable expansion mandrel is larger than the second larger outside 
dimension of the second adjustable expansion mandrel. 

101981 A method for radially expanding and plastically defonning an expandable tubular member 
within a borehole has been described that includes positioning first and second adjustable expansion 
mandrels within the expandable tubular member, supporting the expandable tubular member and the 
first and second adjustable expansion mandrels withm the borehole, lowering the first adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relath^e to 
the expandable tubular member to radially expand and plastically defonn a lower portion of die 
expandable tubular member, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the expandable tubular member, decreasing the 
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outside dimension of Ac first adjustable expansion mandrel and increasing the outside dimension of the 
second adjustable expansion mandrel, and displacing the second adjustable expansion mandrel 
upwardly relative to the expandable tubular member to radially expand and plastically defomi portions 
of the expandable tubular member above the lower portion of the expandable tubular member. The 
outside dimension of the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable expansion mandrel. 

[01991 A method for forming a mono diameter wellbore casing has been described that includes 
positioning fif^ and second adjustable expansion mandrels within a first expandable tubular member, 
supporting the first expandable tubular member and the first and second adjustable expansion mandrels 
within a borehole, lowering fte first adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
expand and plastically deform a lower portion of the first expandable tubular member, displacing the 
first adjustable expansion mandrel and the second adjustable expansion mandrel downwardly relative to 
the first expandable tubular member, decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable expansion mandrel, displacing 
the second adjustable expansion mandrel upwardly relative to the first expandable tubular member to 
radially expand and plastically deform portions of the first expandable tubular member above the lower 
portion of the expandable tubular member, positioning first and second adjustable expansion mandrels 
within a second expandable tubular member, supporting the first expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole in overlapping relation to the first 
expandable tubular member, lowering the first adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel upwardly relative to the second expandable tubular 
member to radially expand and plastically deform a lower portion of the second expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the second expandable tubular member, decreasing the outside dimension of the 
first adjustable expansion mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel, and displacing the second adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically deform portions of the second 
expandable tubular member above the lower portion of the second expandable tubular member. The 
outside dimension of the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable e}q;>ansion mandrel. 

10200] An apparatus for radially expanding and plastically defomiing an expandable tubular 
member has been described diat includes a float shoe adapted to mate with an end of the expandable 
tubular member, a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a fiist larger outside dimension for radial expansion of the expandable tubular 
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member or collapsed to a first smaller outside dimension, a second adjustable expansion mandrel 
coupled to the first adjustable expansion mandrel adapted to be controllably expanded to a second 
larger outside dimension for radial expansion of the expandable tubular member or collapsed to a 
second smaller outside dimension, an actuator coupled to the first and second adjustable expansion 
mandrels adapted to controllably displace the first and second adjustable expansion mandrels relative to 
the expandable tubular member, a locking device coupled to tlie actuator adapted to controllably engage 
the expandable tubular member, a support member coupled to the locking device, and a sealing member 
for sealingly engaging the expandable tubular adapted to define a pressure chamber above the first and 
second adjustable expansion mandrels during the radial expansion of the expandable tubular member. 
The first larger outside dimension of the first adjustable expansion mandrel is larger than the second 
larger outside dimension of the second adjustable expansion mandrel. 

102011 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning fiist and second adjustable expansion 
mandrels within the expandable tubular member, supporting the expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole, lowering the first adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically deform a lower portion of the 
expandable tubular member, pressurizing an interior region of the expandable tubular member above 
the first adjustable expansion mandrel during the radial expansion of the lower portion of the 
expandable tubular member by the first adjustable expansion mandrel, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand 
and plastically deform portions of the expandable tubular member above the lower portion of the 
expandable tubular member, and pressurizing an interior region of the expandable tubular member 
above the second adjustable expansion mandrel during the radial expansion of the portions of the 
expandable tubular member above the lower portion of the expandable tubular member by the second 
adjustable expansion mandrel. The outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 
102021 A method for fonning a mono diameter wellbore casing has been described that Includes 
positioning first and second adjustable expansion mandrels within a first expandable tubular member, 
supporting the first expandable tubular member and the first and second adjustable expansion mandrels 
within a borehole, lowering the first adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimensioh of die first adjustable expansion mandrel, displacing the fu^t 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
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expand and plastically deform a lower portion of the first expandable tubular member, pressurizing an 
interior region of tlie first expandable tubular member above the first adjustable expansion mandrel 
during the radial expansion of the lower portion of the first expandable tubular member by tlie first 
adjustable expansion mandrel, displacing the fust adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to tlie first expandable tubular member, decreasing 
the outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of 
the second adjustable expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the first expandable tubular member to radially expand and plastically defomi portions of the 
first expandable mbular member above the lower portion of the expandable tubular member, 
pressurizing an interior region of the first expandable tubular member above the second adjustable 
expansion mandrel during the radial expansion of the portions of the first expandable tubular member 
above the lower portion of the first expandable tubular member by the second adjustable expansion 
mandrel, positioning first and second adjustable expansion mandrels within a second expandable 
tubular member, supporting the first expandable tubular member and the fust and second adjustoble 
expansion mandrels within the borehole in overlapping relation to the first expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the first adjustable expansion mandiel, displacing the first 
adjustable expansion mandrel upwardly relative to the second expandable tubular member to radially 
expand and plastically deform a lower portion of the. second expandable tubular member, pressurizing 
an interior region of the second expandable tubular member above the first adjustable expansion 
mandrel during the radial expansion of the lower portion of the second expandable tubular member by 
the first adjustable expansion mandrel, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to tfie second expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second adjustable expansion 
mandrel upwardly relative to the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower portion of the second 
expandable tubular member, and pressurizing an interior region of the second expandable tubular 
member above the second adjustable expansion mandrel during the radial expansion of the portions of 
the second expandable tubular member above the lower portion of the second expandable tubular 
member by the second adjustable expansion mandrel. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
(0203) An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a support member, a locking device coupled to the support 
member and releasably coupled to the expandable tubular member, an adjustable expansion mandrel 
adapted to be controllably expanded to a larger outside dimension for radial expansion and plastic 
deformation of the expandable tubular member or collapsed to a smaller outside dimension, and an 
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actuator coupled to the locking member and the adjustable expansion mandrel adapted to displace the 
adjustable expansion mandrel upwardly through the expandable mbular member to radially expand and 
plastically deform a portion of ti.e expandable tubular member. In an exemplary embodiment, the 
apparatus further includes a gripping assembly coupled to the support member and the actuator for 
controllably gripping at least one of the expandable tubular member or another tubular member. In an 
exemplary embodiment, the apparatus further includes one or more cup seals coupled to the support 
member for sealingly engaging the expandable tubular member above the adjustable expansion 
mandrel. In an exemplar, embodiment, the apparatus further includes an expansion mandrel coupled to 
the adjustable expansion mandrel, and a float collar assembly coupled to the adjustable expansion 
mandrel that includes a float valve assembly and a sealing sleeve coupled to the float valve assembly 
adapted to be radially expanded and plastically deformed by the expansion mandrel. 
[02041 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has also been described that includes supporting the expandable tubular member, an 
hydraulic actuator, and an adjustable expansion mandrel within the borehole, increasing the size of Ae 
adjustable expansion mandml, and displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member. In an exemplary embodiment, the method further includes 
reducing the size of the adjustable expansion mandrel after the portion of the expandable tubular 
member has been radially expanded and plastically deformed. In an exemplary embodiment, the 
method further includes fluidicly sealing the mdially expanded and plastically defonned end of the 
expandable tubular member after reducing the size of the adjustable expansion mandrel. In an 
exemplary embodiment, the method further includes permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator after fluidicly sealing the radially 
expanded and plastically deformed end of the expandable tubular member. In an exemplary 
- embodiment, the method further includes injecting a hardenable fluidic sealing material into an annulus 
between the expandable tubular member and a preexisting structure after pennitting the position of the 
expandable tubular member to float relative to the position of the hydmulic actuator. In an exempla^^ 
embodiment, the method further includes inci«asing the size of the adjustable expansion mandrel after 
permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator. In an exemplary embodiment, the method ftirther includes displacing the adjustable 
expansion cone upwardly relative to the expandable tubular member to radially expand ami plastically 
deform anodier portion of the expandable tubular member. In an exemplary embodiment, the method 
farther includes if the end of the other portion of the expandable tubular member overlaps with a 
preexisting structure, then not permitting the position of the expandable tubular member to float relative 
to the position of the hydmulic actuator, and displacing the adjustable expansion cone upwardly relative 
to tht expandable tubular member using tiie hydraulic actuator to radially expand and plastically 
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deform the end of the other portion of the expandable tubular member that overlaps with the preexisting 



Structure. 



102051 A method for foiming a mono diameter wellbore casing within a borehole that includes a 
preexisting wellbore casing has been described that includes supporting the expandable tubular 
member, an hydraulic actuator, and an adjustable expansion mandrel within the borehole, increasing the 
size of the adjustable expansion mandrel, displacing tlie adjustable expansion mandrel upwardly 
relative to the expandable tubular member using the hydraulic actuator to radially expand and 
plastically deform a portion of the expandable tubular member, and displacing the adjustable expansion 
mandrel upwardly relative to the expandable tubular member to radiaUy expand and plastically deform 
the remaining ponion of the expandable tubular member and a portion of die preexisting wellbore 
casing that overlaps with an end of the remaining portion of the expandable tubular member. In an 
exemplary embodiment die method further includes reducing the size of the adjustable expansion 
mandrel after the portion of the expandable tubular member has been radially expanded and plastically 
deformed. In an exemplary embodiment, the method farther includes fluidicly sealmg the radially 
expanded and plastically deformed end of the expandable tubular member after reducing the size of the 
adjustable expansion mandrel. In an exemplary embodiment, the method ftird^r includes permitting 
the position of the expandable tubular member to float relative to the position of the hydraulic actuator 
after fluidicly sealing the radially expanded and plastically defonned end of the expandable tubular 
member. In an exemplary embodiment, the method fiirther includes injecting a hardenable fluidic 
sealing material into an annulus between the expandable tubular member and the borehole after 
permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator. In an exemplary embodiment, the method further includes increasing the size of the 
adjustable expansion mandrel after permitting the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator. In an exemplary embodiment, the method further 
i™:ludes displacing the adjustable expansion cone upwardly relative to the expandable mbular member 
to radially expand and plastically deform the remaining portion of the expandable tubular member. In 
an exemplary embodiment, the method further includes not permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator, and displacing the adjustable 
expansion cone upwardly relative to die expandable tubular member using ti,e hydraulic actuator to 
radially expand and plastically defom. the end of the remaining portion of the expandable tubular 
member that overlaps with the preexisting wellbore casing after not permitting the position of the 
expandable tubular member to float relative to the position of the hydraulic actaiator. 
[02061 It is understood tiiat variations may be made in the foregoing without departing from tiie 
scope of the invention. For example; the teaching of the presem Ulustrative embodiments may be used 
to provide a wellbore casing, a pipeline, or a structural support Furthermore, the elements and 
teachings of the various illustrative embodiments may be combined in whole or in part in some or all of 
tiie illustrative embodiments. In addition, tiie expansion surfaces of tiie upper and lower cone 
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segments. 600 and 602, may include any form of inclined surface or combination of inclined surfaces 
such as, for example, conical, spherical, elliptical, and/or parabolic that may or may not be faceted. 
Finally, one or more of the steps of the methods of operation of the exemplary embodiments may be 
omitted and/or performed in another order. 

(02071 Althougli illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some features of the piesent invention may be employed witiiout a corresponding use of the 
other featuies. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
manner consistent wifli the scope of the invention. 
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1 . An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

idjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a largpr outside dimension for radial expansion of the expandable 
tubular member or collapsed to a smaller outside dimension; 
actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular 
member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member, and 
a support member coupled to the locking device. 

2. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member; 
supporting the expandable tubular member and the adjustable expansion mandrel witliin the 
borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member, 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member. 

3. A method for forming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular member; 
supporting the first expandable tubular member and the adjustable expansion mandrel within a 
borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular member, 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 

member m times to radially expand and plastically deform m portions of the first 

expandable tubular member within the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member, 
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supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member, 

lowering the adjustable expansion mandrel out of the second expandable tubular member. 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relaUve to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within Ae borehole. 

4. An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

an adjustable expansion mandrel coupled to the float shoe adapted to be conttollably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member, 
a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular member adapted to 
defuie a pressure chamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

5. A method for radially expanding and plastically defoiming an expandable tubular member 

within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member, 
supporting the expandable tubular member and the adjustable expansion mandrel within the 
borehole; 

lowering the adjustable expansion mandrel out of tiie expandable tubular member, 

increasing Ae outside dimension of the adjustable expansion mandrel; 

displacing Ae adjustable expansion mandrel upwardly relative to Ae expandable tubular 

member n times to radially expand and plastically deform n portions of Ae expandable 

tubular member within Ae borehole; and 
pressurizing an interior region of the expandable tubular member above Ae adjustable 

expansion mandrel during the radial expansion and plastic deformation of the 

expandable tubular member within Ac borehole. 
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6. A metliod for forming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular member; 
supporting the first expandable tubular member and the adjustable expansion mandrel within a 
borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 

member m times to radially expand and plastically defom m portions of the first 

expandable tubular member within the borehole; 
pressurizing an interior region of the first expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the first 

expandable tubular member within the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member; 
supporting the second expandable tubular member and the adjustable expansion mandrel within 

the borehole in overiapping relation to the first expandable tubular member; 
lowering the adjustable expansion mandrel out of the second expandable tubular member; 
increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 

member n times to radially expand and plastically defomi n portions of the second 

expandable tubular member within the borehole; and 
pressurizing an interior region of the second expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the second 

expandable tubular member within the borehole. 

7. An apparatus for drilling a borehole within a subterranean fonmation and then radially 
expanding and plastically deforming an expandable tubular member within tiie drilled borehole, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member, 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to tiie expandable tubular 

member; 
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a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member; and 
a support member coupled to the locking device. 

8. A method for drilling a borehole within a subterranean formation and then radially expanding 
and plastically deforming an expandable tubular member within the drilled borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member; 

coupling a drilling member to an end of the expandable tubular member; 

drilling the borehole using (he drilling member, 

positioning the adjustable expansion mandrel and the expandable ttibular member within the 
drilled bordiole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable ttibular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member within the drilled borehole. 

9. A method for forming a mono diameter wellbore casing within a borehole, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 
coupling a drilling member to an end of the first expandable tubular member; 
drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion mandrel within 
the drilled first section of the borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular member, 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 
member m times to radially expand and plastically deform m portions of the firet 
expandable tubular member wiAin die drilled first section of the borehole; 

positioning tlie adjustable expansion mandrel within a second expandable tubular member, 

coupling the drilling member to an end of the second expandable tubular member. 

drilling a second section of the borehole using the drilling member, 

supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member within the 
second drilled section of the borehole; 

lowering the adjustable expansion mandrel out of the second expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; and 
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displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
tpandable tubular member within the drilled second section of the borehole. 



exp 



1 0. An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole, 
comprising: 

a float shoe adapted to mate widi an end of the ratpandable tubular member, 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandt«l coupled to the float shoe adapted to be controUably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable ttibular 

member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular memben 
a support member coupled to the locking device; and 

a sealing member for sealing engaging the expandable tubular member adapted to 

define a pressure chamber above the adjustable expansion mandrel during the 
radial expansion of the expandable tubular member. 

11. A method for drilling a borehole within a subterranean formation and then radially expanding 
and plastically deforming an expandable tubular member wiAin the drilled borehole, comprising: 
positioning an adjustable expansion mandrel wifliin the expandable tubular member, 
coupling a drilling member to an end of the expandable tubular member; 
drilling the borehole using the drilling member, 

positioning the adjustable expansion mandrel and the expandable tubular member within the 
drilled borehole; 

lowering the adjustable expansion mandrel out of the ejq)andable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable tabular 

member n times to radially expand and plastically defom n portions of the expandable 

tubular member widiin the drilled borehole; and 
pressuring an interior portion of die expandable tubular member above the adjustable expansion 

mandrel during the radial expansion and plastic deformation of the expandable tubular 

member within the drilled borehole. 
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12. 



A method for forming a mono diameter wellbore casing within a borehole, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 
coupling a drilling member to an end of the first expandable tubular member, 
drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion mandrel within 
the drilled first section of the borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 
member m times to radially expand and plastically defomi m portions of tlie first 
expandable tubular member within the drilled first section of the borehole; 

pressuring an interior portion of the first expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the first 
expandable tubular member within the first drilled section of the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular member; 

coupling the drilling member to an end of the second expandable tubular member; 

drilling a second section of the borehole using the drilling member; 

supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overiapping relation to the first expandable tubular member within the 
second drilled section of the borehole; 

lowering the adjustable expansion mandrel out of the second expandable tubular member. 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the secoml expandable tubular 
member n times to radially expand and plastically defonn n portions of the second 
expandable tubular member within the drilled second section of the borehole; and 

pressuring an interior portion of the second expandable tubular member above the adj ustable 
expansion mandrel during the radial expansion and plastic deformation of the second 
expandable tubular member within the drilled second section of the borehole. 



13. An apparatus 
comprising: 



for radially expanding and plasUcally defonning an expandable tubular member. 



a float shoe adapted to mate with an end of the expandable tubular member; 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 
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a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or collapsed 
to a second smaller outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 
tubular member; and 

a support member coupled to the locking device; 

wherein the first larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

14. A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the expandable tubular 

member; 

supporting the expandable tubular member and tlie first and second adjustable expansion 

mandrels within the borehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular member, 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform a lower portion of the expandable 

tubular memben 

displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform portions of the expandable tubular 

member above the lower portion of the expandable tubular member, 
wherein the outside dimension of the first adjustable expansion mandrel is greater than the 

outside dimension of the second adjustable expansion mandrel. 

1 5. A method for forming a mono diameter wellbore casing, comprising: 
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positioning first and second adjustable expansion mandrels within a first expandable tubular 

member; 

supporting the first expandable tubular member and the first and second adjustable expansion 

mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular member; 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform a lower portion of the first 

expandable tubular member, 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to Ae fust expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacmg the second adjustable expansion mandrel upwardly relative to the first expandable 

tubukir member to radially expand and plastically deform portions of the first 

expandable tubular member above the lower portion of the expandable tubular 

member, 

positioning first and second adjustable expansion mandrels within a second expandable tubular 
member; 

supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular 

member; 

lowering the first adjustable expansion mandrel out of the second expandable tubular member; 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform a lower portion of the second 

expandable tubular member, 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of the fust adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable ejqwnsion mandrel; and 
displacing the second adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform portions of the second 

expandable tubular member above the lower portion of the second expandable tubular 

member; 

wherein the outside dimension of the first adjustable expansion mandrel is greater tlian the 
outside dimension of the second adjustable expansion mandrel. 
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1 6. An apparatus for radially expanding and plastically defonning an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member, 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or collapsed 
to a second smaller outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member, 

a locking device coupled to the actuator adapted to controllably engage the expandable 
tubular member; 

a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular adapted to define a 
pressure chamber above the first and second adjustable expansion mandrels 
during the radial expansion of the expandable tubular member; 

wherein the first larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

17. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within tlic expandable Uibular 

member; 

supporting the expandable tubular member and the first and second adjustable expansion 

mandrels within the borehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular member; 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwdly relative to the expandable tubular 

member to radially expand and plastically deform a lower portion of the expandable 

tubular member. 
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pressurizing an interior region of the expandable tubular member above the first adjustable 

expansion mandrel during the radial expansion of the lower portion of the expandable 

tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform portions of the expandable tubular 

member above the lower portion of the expandable tubular member, and 
pressurizing an interior region of the expandable tubular member above the second adjustable 

expansion mandrel during the radial expansion of the portions of the expandable 

tubular member above the lower portion of the expandable tubular member by the 

second adjustable expansion mandrel; 
wherein the outside dimension of the first adjustable expansion mandrel is greater than the 

outside dimension of Ae second adjustable expansion mandrel. 

A method for forming a mono diameter wellbore casing, comprising: 
positioning first and second adjustable expansion mandrels within a first expandable Wbular 
member; 

supporting the fii^t expandable tubular member and the first and second adjustable expansion 

mandrels within a borehole; 
towering the first adjustable expansion mandrel out of the first expandable tubular member, 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform a lower portion of the first 

expandable tubular member; 
pressuriring an interior region of the first expandable tubular member above the first adjustable 

expansion mandrel during the radial expansion of the lower portion of the first 

expandable tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the first expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radialFy expand and plastically deform portions of the first 
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expandable tubular member above the lower portion of the expandable tubular 

member; 

pressurizing an interior region of the first expandable tubular member above the second 

adjustable expansion mandrel during the radial expansion of the portions of the first 
expandable tubular member above the lower portion of the first expandable tubular 
member by the second adjustable expansion mandrel; 

positioning first and second adjustable expansion mandrels within a second expandable tubular 
member; 

supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular 
member; 

lowering the first adjustable expansion mandrel out ofthe second expandable tubular member; 

increasing the outside dimension ofthe first adjustable expansion mandrel; 

dispUicing the first adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform a lower portion of the second 

expandable tubular member; 
pressurizing an interior region ofthe second expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion ofthe lower portion ofthe 

second expandable tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the second expandable tubular member, 
decreasing the outside dimension ofthe first adjustable expansion mandrel and increasing the 

outside dimension ofthe second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform portions ofthe second 

expandable tubular member above the lower portion of the second expandable tubular 

member; and 

pressurizing an interior region ofthe second expandable tubular member above the second 

adjustable expansion mandrel during the radial expansion ofthe portions ofthe second 
expandable tubular member above the lower portion ofthe second expandable tubular 
member 1^ the second adjustable expansion mMidrel; 

wherein the outside dimension ofthe firet adjustable expansion mandrel is greater than the 
outside dimensicm ofthe second adjustable expansion mandrel. 

19. An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

a support member; 
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a locking device coupled to the support member and releasably coupled to the 

expandable tubular member; 

an adjustable expansion mandrel adapted to be controllably expanded to a larger 
outside dimension for radial expansion and plastic deformation of the 
expandable tubular member or collapsed to a smaller outside dimension; and 

an actuator coupled to tfie locking member and the adjustable expansion mandrel 

adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plasrically deform a portion 
of the expandable tubular member. 

20. The apparatus of claim 19, further comprising: 

a gripping assembly coupled to the support member and the actuator for controllably 

gripping at least one of the expandable tubular member or another tubular 
member. 

21. The apparatus of claim 19, further comprising: 

one or more cup seals coupled to the support member for sealingly engaging the 
expandable tubular member above the adjustable expansion mandrel. 

22. The apparatus of dahn 1 9, fiiither comprising: 

an expansion mandrel coupled to the adjustable expansion mandrel; and 
a float collar assembly coupled to the adjustable expansion mandrel comprising: 
a float valve assembly; and 

a sealing sleeve coupled to the float valve assembly adapted to be radially 
expanded and plastically defonned by the expansion mandrel. 

23. A metliod for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 

mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member. 

24. The method of claim 23, further comprising: 
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reducing the size of the adjustable expansion mandrel after the portion of the expandable 
tubular member has been radially expanded and plastically deforaied. 

The method of claim 24, further comprising: 

fluidicly sealing the radially expanded and plastically deformed end of the expandable tubular 
member after reducing the size of the adjustable expansion mandrel. 

The method of claim 25, finrdier comprising: 

permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator after fluidicly sealing the radially expanded and plastically deformed 
end of the expandable tubular member. 

The method of claim 26, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the expandable mbular 
member and a preexisting structure after permitting the position of the expandable 
tubular member to float relative to the positi% of the hydraulic actuator. 



The method of claim 26, further comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position of the 



•o 

expandable tubular member to float relative to the position of the hydraulic actuator. 



The method of claim 28, further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable tubular member 
to mdially expand and plastically deform another portion of die expandable tubular 

member. 

The method of claim 29, farther comprising: 

if the end of the other portion of the expandable tubular member overlaps with a preexisting 
structure, then 

not pemitting die position of the expandable tubular member to float relative 
to die position of the hydraulic actuator, and 

displacing the adjustable expansion cone upwardly relative to die expandable 
tubular member using die hydraulic actuator to radially expand and 
plastically defonn the end of die odier portion of die expandable 
tubular member that overlaps with the preexisting structure. 
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A method for fonning a mono diameter weUbore casing within a borehole that includes a 

preexisting wellbore casing, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 

mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member, and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member to radially expand and plastically deform the remaining portion of the 
expandable tubular member and a portion of the preexisting wellbore casing that 
overlaps vtrith an end of the remaining portion of the expandable tubular member. 

The method of clam 31, further comprising: 

reducing the size of the adjustable expansion mandrel after the portion of the expandable 
tubular member has been radially expanded and plastically deformed. 

The method of claim 32, ftmher comprising: 

fluidicly sealing the radiaUy expanded and plastically deformed end of the expandable tubular 
member after reducing the size of the adjustable expansion mandrel. 

The method of claim 33, further comprising: 

pemiitting the position of the expandable tubular memberto float relative to the position of the 
hydraulic actuator after fluidicly sealing the radially expanded and plastically deformed 
end of the expandable tubular member. 

The method of claim 34, fiirther comprising: 

injecting a hardenabk fluidic sealing material into an ammlus between the expandable tubular 
member and the borehole after permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic achiator. 

The method of claim 34, further comprising: 

increasing the sia of the adjustable expansion mandrel after permitting the position of the 
expandable tubular member to float relative to the position of the hydraulic actuator. 

The method of claim 36, further comprising: 
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displacing the adjustable expansion cone upwardly relative to the expandable tubular member 
to radially expand and plastically deform the remaining pwtion of the expandable 
tubular member. 

The method of claim 37, further comprising: 

not permitting the position of the expandable tubular member to float relative to the position of 
the hydraulic actuator; and 

displacing the adjustable expansion cone upwardly relative to tht expandable tubular member 
using the hydraulic actuator to radially expand and plastically deform the end of the 
remaining portiwi of the expandable tubular member that overlaps wilh the preexisting 
wellbore casing after not permitting the position of the expandable tubular member to 
float relative to the position of the hydraulic actuator. 
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AMENDED CLAIMS 
[received by the IntematioBal Bureau on 16 July 2004 (16.07.04); 
original claims 1-38 amended, claims 39-204 added] 

Claims 

What IS claimed is: 

1 . An apparatus for radtaRy expanding and plastically deforming an expandable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controilably 

expanded to a larger outside dimension for radial expansion of the 

expandable tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controliably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 

a locking device coupled to the aduator adapted to contrallabiy engage the 

expandable tubular member; and 
a support member coupled to the lodcing device. 

2. A method for radially expanding and plasticaily defonning an expandable tubular 
member within a borehole, comprising; 

positioning an adjustable expansion mandrel within the expandable tubular member; 
srupporiing tiie er pandabl^ b^bular member and tlie adjustable expansion mandrel 
within the borehole; 

lowering the adjustable expansion mandrel out of the expandable tutailar member; 
Increasing ttie outside dimension of the adjustable expansion mandrBl; and 
displacing the adjustable expansion mandrel upwanily relative to the expandable 

tubular member n times to radially expand and plastically deforni n portions of 

the expandable tubular member. 

3. A method for forming a mono diameter weilbore casing, comprising: 
positioning an adjustable expansion mandrel v^nthin a first expandable tubular member; 

supporting the first expandable tubular memt^er and the adjustable expansion 

mandrel within a borehole; 
lowering the acjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension ctf the adjustable expansion mandrel; 
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displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically deform m portions 
of the first expandable tubutetr member within the borehole; 

positbning the adjustable expansion mandrel within a second expandable tubular 
memben 

supporting the second expandable tubular member and the adjustable expansion 
mandml within the borehole in overlapping relation to the first e)q3andable 
tubular member; 

bwering the adjustable expansion mandrel out of the second expandable tubular 
member, 

increasing the outside dimension of the ac^ustabie expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n times to radiaHy expand and plastically defomi 
n portions of the second expandable tubular member within the borehole. 



4. An apt^ratus for iHdially expanding and plasficaihy deforming an expendable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member, 

an adjustable expansion mandrel coupled to the float shoe adapted to be controUably 

expanded to © larger outside dimension for radial expansion of the 

expandable tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to contrallably 

displaoe thie adjustable expansion mandrel relative to the expandable tubular 

member; 

a locking device coupled to the actuator adapted to controllably engage the 

expandable tubular member; 
a support member coupled to the loddng device; and 

a sealing member for seaiingty engaging the expandable tubular member adapted to 
define a pressure diamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

5. A method for i^dlally expanding and plastically defomilng an expandable tubular 
member within a borehole, comprising: 

positioning an adjustable expansion mandrel within the ^pandable tubular member; 
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supporting the expandable tububr member and the adjustable e^qDansfon mandrel 
within the borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansiori mandrel upwardly relative to the expandable 

tubular member n times to radial^ expand and plastically deform n portions of 
the expandable tubular member within the borehole; and 

pressurizing an interior region of the expandable tubular member above the 
adjustable expansion mandrel during the radial expanslm and plastic 
deformation of the expandable tubular member within the borehola 

6. A method for fonning a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular 
member; 

supporting the first expandable tubular member and the adjustable expansion 

mandt^l within a borshole; 
lowering the adjustable expansion mandrel out of the first expandable tubular 

member; 

hcreaslng the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwanily relative to the first expandable 
tubular member m times to radialty expand and pteisacally deform m portions 
of the first expandable tubular member v^tn the borehole; 

pressurizing an interior region of the first expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic 
deformation of the first expandable tubular member within the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member, 

supporting the second e^qiandabie tubular member and the adjustable expansion 
mandrel within the borehole in overlapping relation to the first expandable 
tubular member, 

lowering the adjustable expansion mandrel out of the second expandable tubular 
memben 

irK:reasing the outside dimension of the adjustable expansion mandrel; 
displadng the adjustable expansion mandrel upwardly relative to the second 
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expandable tubular member n times to racHaOy expand and plastically deform 
n portions of Uie second expandable tubular member within the borehole; and 
pressurWng an Inferior feglon of Ihe second expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic 
defonnafion of ihe secoml expandable tubular member within the borehole, 

7. An apparatus for drilling a bonshole \Arfthin a subterranean fonnatlon and then radially 
expanding and plastically defonning an expandable tubular member within the drilled 
borehole, comprising: 

a float shoe adapted to mate with an end of the expandable tubular meniben 
a drilling member coupled to the float shoe adapted to drill the borehole; 
an adjustable expansion mandrel coupled to the float shoe adapted to be controUably 
expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or oollapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansfon mandrel relath^e to the a^pandable tubular 
member; 

a locking device coupled to the actuator adapted to controllably engage the 

expandable tubular member; and 
a support member coupled to the locking device. 

8. A method for drilling a borehole withto a subterranean fomnatlon and then radially 
expanding and plasticaliy defonrtng an expandable tobular member within the drilled 
borehotep comprising: 

positioning an adjustable expansion mandrel virilhln the expandable tubular member; 

coupling a drilling memljer to an end of the expandable tubular member; 

drilling the borehole using the drilling member 

positioning the adjustable expansion mandrel and the expandable tubular member 

within the drilled borehole; 
lowering the acOuslable expansion mandrel out of the expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of 
the expandable tubular member within the drilled borehole. 
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9. A method for forming a mono diameter wellbore casing >AMiin a borehole, 
comprising: 

positioning an adjustable expan^n mandrel wHhin a first 6)(pandabid tubular 
memben 

coupling a drilling member to an end of the first expandable tubular member; 

drilling a first section of the borehole using the drilling member, 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within the drilled first section of the borehole; 
bwering Hhe acQustaUe expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the adjustable expanston mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically deform m portions 
of the first expandable tubular member wlQiin the drilled first section of the 

borehole; 

positioning the adjustable expansion nr\andrsl within a second expandable tubular 
member; 

coupling the drilling member to an end of the second expandable tubular memben 
drilling a second section of the tiorehole using the drilling member, 
supporting the second estpandable tubular memt>er and the adjustable e;cpansion 
mamirel vMin the borehole In oMertapping relation to the first expandable 
tubular member within the second drilled section of the borehole; 
lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the acjjustable expansion mandrel; and 
displadng the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n tim» to radially expand and piasticaliy deform 
n portions of the secorKi expandable tubular member within the drilled second 
section of the borehole. 

1 0« An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole, comprising: 
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a float shoe adapted to mate with an end of the expandable tubular member; 

a drniing member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outaide dimension fbr radial expansion of the 

expandable tubulaf member or oonapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controitebly 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 

a loddng device coupled to ttie actuator adapted to controllably engage the 

expandable tubidar memben 
a support member coupled to the locking device; and 

a sealing member for sealing engaging the expandable tubular member adapted to 
define a presssure chamber above the acQustable expansion mandrel during 
the radial expansion of the eigiandable tubular member. 

11. A method for drilling a borehols within a subten^nean formation and then radially 
e)qDandlng and plastically defonming an expandable tubular member within the drilled 
borehole, comprising: 

positioning an adjustable expansion mandrel >Arithln the expandable tubular memben 
coupling a drilling memt>er to an end of the expandable tubular member: 
driiting the borehole using the drilling member* 

positioning the acQustable expansion mandrel and the expandable tubular member 
within the drilled borehole: 

lowering the adjustable expansion mandrel out of the expandable tubular memben 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand arvJ plastically deform n portions of 
the expandable tubular member within the drilled borehole; and 

pressuring an interior portion of the expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the 
expandable tubular member within the drilled borehole. 

12. A method for fomitng a mono diameter wellbore casing within a borehole, 
comprising: 
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positioning an adjustable expansion mandrel within a first expandat>le tubular 
member; 

coupling a drilling member to an end of the first expandable tubular member, 

drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within the drilled first section of the borehole; 
lowering the adjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the adjustable expar^sion mandrel; 

displacing the adjustable expansion mandrel upwardly retath^ to the first expandable 
tubular member m Hmes to radially expand and plasQcally deform m portions 
of the first eo^iandable tubular member within the drilled first section of the 
lx>rehole; 

pressuring an interior portion of the first expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic 
defomiation of the first a^pandable tubular member within the first drilled 
sedlon of the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

coupling the drilling menrtoer to an end of the second expandable tubular member, 

drilling a second section of the borehole using the drilling member; 

supporting the second expandable tubular member and the adjustable expansion 
mandrel Mwthin the borehole In overiapping relation to the first expOTdable 
tubular member within the second drilled section of the borehole: 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member, 

increasing the outside dimension of the adjustable expansion mandrel; 
displadng the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n times to radially expand and plastically deform 

n portions of the second expandable tubular menriber within the drilled second 

section of the borehole; and 
pressuring an interior portion of the second expandable tubular member above the 

adjustable expansion mandrel during the radial expansion and plastic 
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deformation of the second expandable tubular member within the drilled 
second secSon of the borehole. 



13. An apparatus for radially expanding and piasticaily defomrwig an expandable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the e>cpandable tubular merrd^er; 

a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controltably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansbn 
mandrel adapted to be oontroUably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or 
collapsed to a second smaller outside dimension; 

an actuator coupled to the first and second adjustable expan^on mandrels adapted 
to controliably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member, 

a locking de^^ce coupled to the actuator adapted to controllat>ly engage the 
expandable tubular member; and 

a support member coupled to the locking device; 

wherein the first larger outside dimension of the firsi adjustable epansion mandrel is 
larger than the second larger outside dimensknt of the second adjustable 
expansion mandrel. 

14. A method for radially expanding and piasticaily defomiing an expandable tubular 
member within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the expandable 
tubular member; 

supporting the expandable tubular meml)er and the first and second adjustable 

expanston mandrels wttNn the borehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular 

member. 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjusbble expansion mandrel upwardly relative to the expandable 
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tubular member to radially expand and plastically deform a bv^er portion of 

the e)q)andable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion iDandrel downwardly relative to the expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and 

increasing the outside dimension of the second adjustable e)q>ansion 

mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the 

expandable tubular member to radially expand and plastically defomi portions 
of the expandable tubular member above the lower portion of the expandable 
tubular member; 

wherein 4^e outside dimension of the first adjustabte expansion mandrel is giBater 
than the outside dimension of the second adjustable expansion mandrel. 

15. A method for forming a mono diameter wellbore casing, comprising: 

positioning first and second adjustable expansibn mandrels within a first e?q[»andable 
tubular member, 

supporting the first expandable tubular member and the first and second adjustable 

expansion mandrsis within a bonshole; 
lowering ths first adjustable e.'(pansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the first ac^ustable sscpansfon mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first 

expandable tubular member to radially expand and plastically deform a lower 

portion of the first expandable tubular member; 
displadng the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relative to the first expandable tubular 

member, 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable esqiansion 
mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the first 

expandable tubular member to radially expand and plastically deform portions 
of the first expandable tubular member above the lower portion of the 
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expandable tubular memben 
positioning first and second adJustaUe expansion mandrels within a secnnd 

expandable tubular member; 
supporting tiie first expandable tubular member and the first and second adjustable 

expansion mandrels within the borehole in overlapping relation to the first 

expandable tubular member, 
lowering thefinst adjustable expansion mandrel out of the second expandable tubular 

member; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion noandrel upwarelly relative to the second 

expandable tubular member to radially expand and plasticaiiy deform a lower 

portion of the second expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relative to the second expandable tubular 

member 

decreasing the outside dimension of the firEt adjustable expansion mandiBl and 
increasing the outside dimension of the second adUustable expansion 
mandrel: and 

displacing the second adjusiable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform portions 
of the second expandable tubular member above the lower portion of the 
second expandable tubular member; 

wherein ttie outside dimension of the first adjustable expansion mandrel Is greater 
than the outside dimension of the second adjustable expansion mandrel. 



16. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controUably expanded to a finst larger outside dinnension for nadial expansion 
of the expandable tubular member or collapsed to a first smalls outside 
dimension; 

a second ac^'ustable expansion mandrel coupled to the first adjustable expandon 
mandrel adapted to be controUably expanded to a second larger outside 
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dimension for radial expansion of the expandable tubular member or 

collapsed to a second ^nailer outside dimension; 
an actuator coupled to t^6 first and second adjustable expansion mandrets adapted 

to controllably displace the first and second adjustable expansion mandrels 

relative to the expandable tubular member, 
a locking device coupled to the actuator adapted to controllably engage the 

expandable tubular member, 
a support member coupled to the loddng device; and 

a sealing member for seallrgly engaging the expandable tubular adapted to define a 
pressure chamber above the first and second adjustable expan^n mandrels 
during the radial expansion of the expandable tubular member; 

wherein the first larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

17. A method for radially expanding and ptestlcally deforming an expandable tubular 
member within a borehole, comprising: 

positioning first and second adjustable e)q)ansi6n mandrels wKhln the expandable 
tubular member; 

supporting the expandable tubular member and the first and second adjustable 

expansion mandrefe wrihin the borahole; 
lowering the first adjustable anpansion mandrel out of the expandable tubular 
member, 

Increasing the outside dimension of the first adjustable expansion mandrel; 
displadng the first adjustable expansion mandrel upwardly relative to the expandable 

tubular member to radially expand and plastically defomn a lower portion of 

the expandable tubular member; 
pressurizing an interior region of the expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion of the lower portion 

of the expandable tubular member by the first adjustable expansion mandrel; 
displadng the first adjustable expansion mandrel and the second adjustable 

expansbn mandrel downwardly relative to the expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and 

increasing the outside dimension of the second adjustable expansion 
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mandrel: 

displadng the second adjustable expansion mandrel upwardly relative to the 

expandable tubular meniber to radially expand and plastically deform portions 
of the expandable tubular member above the lower portion of the expandable 
tubular member, and 

pressurizing an interior region of the expandable tubular member above the second 
adjustable expansion mandrel during the radial expansion of the portions of 
the expandable tubular member above the lower portion of the expandable 
tubular member by the second adjustable expan^on mandrel; 

wherein the outside dimension of the first atOustable expansion mandrel Is greater 
than the outside dimension of the second adjustable expansion mandrel. 

18. A method for forming a mono diameter weilbore casing, comprising: 

positioning first and second adjustable expansion mandrels within a first expandable 
tubular memt>er; 

supporting the first expandable tubular member and Ihs first and second adjustable 

expansion mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular 

member, 

increasing the outside dimension of the first adjustable expansion mandrel; 
displadng Hi© f\m adjustable expansion mandrel upwanily rstetlve to th-a first 

expandable tubular member to radially' expand and plastically deform a lower 

portion of the first expandable tubular member 
pressurizing an Interior region of the first expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion of the lower portion 

of the first expandable tubular member by the first adjustable expansion 

mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular 
memt)er; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion 
mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the first 
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expandable tubular member to radially expand and plasfically deform portions 
of the first expandable tubular member above the lower portion of the 
expandable tubular member; 
pressurizing an Interior region of the first expandable tubular member above the 
second adjustable expansion mandrel during the radial expansion of the 
portions of the first expandable tubular member above the IcTwer portion of the 
first expandable tubular member by the second adjustable expansion 
mandrel; 

positioning first and second adjustable expansion mandrels wUhin a second 

expandable tubular member; 
supporting the first expandable tubular member and the first and second adjustable 

expansion mandrels within the borehole in overlapping relation to the first 

expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tutsular 

member; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the second 

expandable tubular member to radially expand and plasticaity deform a lower 

portion of the second expandable tubular member; 
pressurizing an interior region of the second expandable tubular member above the 

first adjustable expansion mandrel during the radial expansion of ihs lov/sr 

portion of the second expandable tubular member by the first adjustable 

e)q3anslon mandrel- 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relative to the second expandable tubular 

member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion 
mandrel; 

displacing the second adjustable expansion mandrel upwardly relafive to the second 
expandable tubular member to radially expand and plastically defonn portions 
of the second expandable tubular member above the lower portion of the 
second expandable tubular member; and 

pressurizing an interior region of the second expandable tubular member above the 
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second adjustable expansion mandrel during the radial expandon of the 
portions of Ufie second expandable tubular number above the lower portion of 
the second expandable tubular member by the second adjustable expansion 
mandrel; 

wherein the outside dimension of the first adjustable expansion mandnst Is greater 
than the outside dimension of the second adJiBtaUe expanston mandrel. 

19. An apr^ratus for radially expanding and ^astically deforming an expandable tubular 
member, comprising: 

a support member; 

a locking device coupled to the support member and releasabiy coupled to the 
expandable tubular member; 

an adjustable expar^on mandnsl edapted to be oontrollably expanded to a larger 
outside dimension for radial expansion and plastic deformation of the 
expandable tubular member or collapsed to a smaller outside dimension; and 

an actuator coupled to the locking member and the adjustable expansion mandrel 
adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically, defonn a 
portion of the expandable tubular member. 

20. The apparatus of daim 1 9, further comprisrng; 

a gripping assembly coupled to the support member arKi the actuator for 

oontrollably gripping at least orte of the expandat>le tubular member or 
^ another tubular member. 

21. The apparatus of dai'm 19, further comprising: 

one or more cup seals coupled to the support member for sealingly engaging the 
expandable tubular member above the adjustable expansion mandrel. 

22. The apparatus of claim 1 9, further comprising: 

an expansion mandrel coupled to the adjustable expansion mandrel; and 
a float cx>llar assembly coupled to the adjustable expansion mandrel comprising: 
a float valve assembly; and 
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a sealing sleeve coupled to the float valve assembly adapted to be radially 
expanded and plastically defbrmed by the expan^on mandrel. 

23. A method for radially expandirig arxl plastically deforming an ^andable tubular 
member wthin a borehole, comprising: 

supporting the expandable tubular memt>er, an hydmuBc actuator, and an adjustable 

expansion mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member using the hydraulic actuator to radEaUy expand and plastically 

deform a portion of the expandable tubular member. 

24. The method of daim 23, ftjrther comprising; 

reducing the size of the adjustable expansion mandrel after the portion of the 
expandable tubular member has been radially expanded and plastically 
ddbrmed. 

25. The method of claim 24, further comprising: 

fluididy sealing the radially expanded and plasticdily defomied end of the expandable 
tubular member after reducing th& size of ttie ac(|ustable expansion mandrel, 
.t 

26. The method of dalm 25, further comprising: 

permitting the position of ttie ei>pandabte tubular member to float relative to the 

position of the hydraulic actuator after fluididy sealing the radially es^anded 
and plastically defonned end of the expandable tubular member. 

27. The method of daim 26, further comprising: 

Injecting a hanlenable fluidlc sealing material into an annulus between the 

expandable tubular member and a pree^dsting structure after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

28. The method of daim 26, further comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position 
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of thd expandable tubular member to float relative to the position of the 
hydraulic actuator. 

29. The method of claim 28i further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and plastically deform another portbn of the 
expandable tubular member. 

30. The method of daim 29. further comprising: 

if the end of the other portion of the expandable tubular member overlaps with a 
preexisting structure, then 

not pennitting the position of the expandable tubular member to float relative 

to the position of the hydraulic actuator, and 
displacing the adjustable expansion cone upwardly relative to the expandable 

tubular member using the hydraulic actuator to nadlalty expand and 

plastically deform the end of the other portion of the expandable . 

tubular member that overlaps with the preexisting staioture. 

31 . A method for forming a mono diameter wellbore casing within a borehole that 
includes s preejvisting wellbore casing, comprising: 

supporting the expandable tubular member, an hydraulic atituator, and an adjustable 
expansion mandrel within the borehote; 

increasing ttte size of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 
tobular member using the hydraulic actuator to radially expand and plastically 
deform a portion of the expandable tubular rnember; and 

displadng the acQustaUe expansion mandrel upwardly relative to the expandable 
tubular member to radialty expand and plastically defonrt the remaining 
portion rrf the expandable tubular memt)er and a portion of the pree)dsting 
wellbore casing that overlaps wtti^ an end of the remaining portion of the 
expandable tubular member. 

32. The method of daim 31 , further comprising: 

redudng the size of the adjustable expansion mandrel after the portion of the 
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expandable tubular member has been radially expanded and plastically 
deformed. 

33. The method of claim 32, further comprising: 

fluididy sealing the radially expanded and plastically defonned end of the expandable 
tubular member after reducing the size of the adjustable expansion mandrel. 

34. The method of daim 33, further comprising: 

permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic aduator after fluididy sealing the radially expanded 
and plastically deformed end of the expandable tubular member. 

35. The method of daim 34, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 

e}Q>andable tubular member and the borehole after pemiitting the position of 
the expandable tubular member to float relatl^/e to th$ position of the hydraulic 
actuator. 

36. The method of daim 34, further comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position 
of the ^-pandable tubular member to float relsiin/e to the position of the 
hydraulic ai^ator. 

37. The method of claim 36, further comprising: 

displadng the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and plastically deforni the remaining portion of the 
expandable tubular member. 

38. The method of claim 37, further comprising: 

not pemiitting the position of the expandable tubular member to float relative to the 
position of the hydraulic actuator; and 

displadng the adjustable expansion cone upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically defonn 
the end of the remaining portion of the expandable tubular member that 
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overlaps with the preexisting welibore casing after not permitting the posttion 
of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

39. An apparatus far radially expanding and plastically deftmning an expandable tubular 
member, comprising; 

a support member; 

an expansion device for radially expanding and plastically deforming the tubular 

member coupled to the support memben and 
an actuator coupled lo the support member for displadng the expansion device 

relative to the support member. 

40. The apparatus of claim 3d, further comprising: 

a gripping device for gripping the tubular member coupled to the support mennber. 

41 * The apparatus of daim 40« wherein the gripping device comprises a plurality of 
movable gripping elements. 

42. The apparatus of daim 41 , wheran the gripping elements are moveable In a radial 
dirsction relative to the support member. 

43. The apparatus of daim 39, further comprisir^: 

a sealing device for sealing an interface vtdth the tubular member coupled to the support 
member, 

44. IfiB apparatus of daim 43, wherein the seatlr^ device seals an annulus defines 
betwveen the support member and the tubular member. 

45. The apparatus of claim 39, further comprising: 

a locking device for locking the position of the tubular member relative to the support 
member. 

46. The apparatus of daim 45, wherein the locking device comprises: 

a pressure sensor for contrdlably unlocking the locking device from engagement with the 
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tubular member when the operating pressure wrlhin the apparatus exceeds a 
predetermined amount 

47- The apparatus of daim 46, wherein the locking device comprises: 
a position sensor for controUably unlodcfng the locking device from engagement with the 
tubular member when the position of the actuator exceeds a predetermined amount. 

48. The apparatus of claim 39, wherein the expansion devioe comprises: 
a support member: and 

a piuralit/ of movable expansion elements coupled to the support member. 

49. The apparatus of claim 48, further comprising: 

an actuator coupled to the support member for moving the e^q^ansion elements 

between a first position and a second position: 
wherein in the first position, the expansion elements do not engage the tubular 

membsr,' and 

wherein In the second position, the expansion eiements engage the tubular member. 

50. The apparatus of claim 49, wherein the expansion elements comprise: 
a first set of expanston elements; and 

a second set of e)cpansion elements; 

wherein the first set of expansion elements are intertsaved v/ith the second set of 
expansion elements. 

61 . The apparatus of claim 50, wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

52. The apparatus of claim 50, wherein In the second position, the first set of expansion 
elements are axially aligned with the second set of mansion elements. 

53. The apparatus of daim 39, wherein the expansion device comprises an adjustable 
expansion device. 

54. The apparatus of claim 39, wherein the expansion device comprises a plurality of 
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expansion devices. 

55. The apparatus of daim 54, wherain at least one of the expansion devices comprises 
an adjustable expansion device. 

56. Ttie apparatus of cteim 55. wherein the acQustaUe expansion device comprises: 
a support member, and 

a plurality of movable expansion elements coupled to the support memt)6r. 

57. The apparatus of daim 56, further comprising: 

an actuator coupled to the support member for trxiving the expansion elements 

' betvtfeen a first position and a second position; 
wherein In the first position, the expansion elements do not engage the tubular 
member; and 

wherein in the second position, the e}q3ansion elements engage the tubular member. 

58. The apparatus of dalm 57, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the Or?t sat of epqp^ansion elements are interleaved with the second set of 
expansion elements. 

59. The apparatus of claim 58, wherein in the first position, the first set of expansion 
elements are not axiafly aligned with the second set of expansion elements. 

60. The apparatus of daim 58, wherein in the second position, the first set of expansbn 
elements are axially aligned with the second set of expansion elements. 

61 . An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support member; 

an expansion device fbr radially ex;^nding and plastically deforming the tubular 

member coupled to the support member; and 
a sealing assembly for sealing an annulus defined between the support member and 
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the tubular member. 

62. The apparatus of daim 61 , further comprising: 

a gripping device for gripping the tubular member coupled to tfie support member. 

63. The apparatus of dalm 62, wherein the gripping devioe comprises a plurality of 
movable gripping elements. 

64. The apparatus of claim 63, wherein the gripping elements are moveable in a radial 
direction relative to the support member. 

65. The apparatus of daim 61 , further comprising: 

a locking device for locking the position of the tubular member relative to the supporit 
member. 

66. The appars^tus cf dsim 65, wherein the locking device comprises: 

a pressure sensor for controllabty unlocking the tocking device from engagement wrth the 
tubular member when the operating pressure within the apparatus exceeds a 
predetermined amount 

67. The apparatus of daim 55, vvher&in the kicking device comprises: 

a position sensor for conlroBably unlocking the locking devfce from engagement vwth the 
tubular member when the position of a portion of the apparatus exceeds a predetennined 
amount 

68. The apparatus of daim 61 , further comprising: 

an actuator for displadng the expansion device relative to the support member 

69. The apparafajs of claim 68, wherein the actuator comprises means for transfening 
torsional loads between the support member and the expansion device. 

70. The apparatus of daim 68. wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 
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71 . The apparatus of claim 6 1 , wherein the expansion device comprises: 
a support member, and 

a plurality of movable expansion elements coupled to the support member. 

72. The apparatus of daim 71 , nirther comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein in the first position, the expansion elements do not engage the tubular 

member, and 

wherein in the second posiHon, the expansion elements engage the tubular member. 

73. The apparatus of claim 72, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are intsrteaved with the second set of 
expansion elements. 

74. The apparatus of daim 73, wherein in the first position, the first set of expansion 
elements are not axially aligned witti the second set of expansion elements. 

75. The apparatus of daim 73, wherein in the second posiiion, ihe fir^t set of ©jpansion 
elements are axially aligned with the second set of expansion elements. 

76. The apparatus of daim 61 . v\A)erein 4)e expansion device comprises an adjustable 
expansion device. 

77. The apparatus of daim 61 , wherein the expanston device comprises a piuralrty of 
expansion devices. 

78. The apparatus of daim 77, wherein at least one of the expansion devices comprises 
an adjustable expansion device. 

79. The apparatus of daim 78, wherein the adjustable expansion device comprises: 
a support member, and 

73A 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/US2002/036267 



a plurality of movable expansion elements coupled to the support member. 

80. The apparatus of dafm 79, further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein In the first position^ the expansion elements do not engage the tubular 

member; and 

wherein In the second position, the expansion elements engage the tubular member. 

81 . The apparatus of daim 60, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion dements; 

wherein the first set of expansion elements are Interleaved with the second set of 
expansion elements. 

82. The apparatus of claim 81 , wherein in the firBt position, the first set of expansion 
elements are not axially aligned with Itie second set of expansion elements. 

83. The apparatus of claim 81 , wherein in the second position, the first set of e^qsansion 
elements are a:<ially aligned with the second set of e)cpanslon elements. 

84. An apparatus for radially expanding and plastically defomning an expandable tubular 
member, comprising: 

a support member; 

a first expan^on device for radially expanding and plastically defomning the tubular 

member coupled to the support memben and 
a second expansion device for radially expanding and plastically defonnlng the 

tubular member coupled to the support member. 

85. The apparatus of claim 84, further comprising: 

a gripping device for gripping the tubular member coupled to the support member. 

86. The apparatus of claim 85, wherein the gripping device comprises a plurality of 
movable gripping elements. 
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87. The apparatus of dalm 86, wherrin the gripping etements are moveable in a radial 
direction relative to the support member. 

88. The apparatus of daim 84, ftirther comprising: 

a sealing device for sealing an interfiaoe with the tubular member coupled to the support 
member. 

89. The apparatus of dalm 88, wherein the sealing device seals an annulus defines 
between the support member and ttie tubular member. 

90. The apparatus of dafm 84, further comprising: 

a locking device for locking the position of the tubular member relative to the support 
member- 

91 . The apparatus of claim 90, wherein the locking device comprises: 

a pressuiB sensor for controliably unlocking the locking de^nce frcm engagement with the 
tubular memt>er when the operaiing pressure within the apparatus exceeds a 
predetermined amount. 

92. The apparatus of claim 90, wherein the Icddng devioa comprises: 

a position sensor for controliably unlocking the locking device from engagement with the 
tubular member when the position of a portion of the apparatus exceeds a predetennined 
amount. 

93. The apparatus of daim 84, further comprising: 

an actuator for displadng the expansion device relative to the support memt>er. 

94. The apparatus of daim 93, wher^ the actuator comprises means for transferring 
torsional k>ads between the support member and the expansion device. 

95. The apparatus of daim 83, wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 
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96. The apparatus of daim 84, wherein at least one of the first second expansion devices 
comprise: 

a support memben and 

a plurality of movable expansion elements coupled to the support menriber. 

97. The apparatus of claim 96. further comprising: 

an actuator coupled to the support memberfor moving the expansion elements 

between a first position and a second position; 
wherein In the first position, the expansion elements do not engage the tubular 

member, and 

wherein In the second position, the expansion elements engage the tubular member- 

98. The apparatus of daim 97. wherein tfie expansion elements comprise: 
a first set of expansion elements; and 

s second set of expansion elements; 

wherein the first set of expansion elsmsnts ars fnterieaved with the second set of 
expansion elements. 

99. The apparatus of claim 98, wherein in the first postUon, the first set of expansion 
elements are not a;dsny aligned with the second set of expansion etemerrts. 

1 00. The apparatus of daim 98, wherein in the second position, the first set of expansion 
elements are axialiy aligned wHh the second set of expansion elements. 

1 01 . The apparatus of claim 84, wherein at least one of the first and second expansion 
devices comprise a plurality of expansion devices. 

1 02. The apparatus of daim 101, wherein at least one of the first and second expansion 
device comprise an adjustable expansion device. 

103. The apparatus of daim 102. wherein the adjustabte expansion device comprises: 
a support member; and 

a plurality of movable expansion elements coupled to the support member. 
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1 04. The apparatus of dalm 1 03. further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second posffion; 
wherein In the first position, the expansion elements do not engage the tubular 

member, and 

wherein in the second position^ the expansion elements engage the tubular member. 

105. The apparatus of claim 104, wherein the expansion elements comprise: 
a first set of ^cpansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements. 

106. The apparatus of daim 105, wherein in the first posifion, the first set of expansion 
elements are not axially aligned wtth the second set of expansion elements. 

107. The apparatus of daim 105, wherein in the second position, the first set of e)cpanston 
elements are axially aligned vrith the second set of expansion elements. 

1 08. An appstratus for radially e)q]iQndlng and plasflcalli' deforming an expandable tubular 
member, comprising: 

a support memt^en 

a gripping device for gripping the tubular member coupled to the support member; 
a sealing device for sealing an Interface the tubular member coupled to the 
support member; 

a locking device for locking the posrtton of the tubular member relative to the support 
member; 

a first adjustable expansion device for radially expanding and plastically defbmnlng 

the tubular member coupled to the support member, 
a second adjustable expansion device for radially expanding and plastically 

deforming the tubular memt)er coupled to the support member; 
a packer coupled to tiie support member; and 

an actuator for displacing one or more of the sealing assembly, first and second 
adjustable expansion devices, and packer relative to the support member. 
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109. The apparatus of daim 108, wherein the locking device comprises: 

a pressure sensor for oontrollably unlocking the locking devtee from engagement with the 
lutHslar member when the operating pressure within the apparatus exceeds a 
predetermined amount 

1 1 0. The apparatus of daim 108, wherein the tocking device comprises: 

a position sensor for controllably unlocking the fodong device from er^agement with the 
tubular member when the position cf a portion of the apparatus exceeds a predetermined 
amount. 

1 11 . The apparatus of daim 108, wherein the gripping device comprises a plurality of 
movable gripping elements. 

112. The apparatus of daim 11 1, wherein the gripping elements are moveable in a radial 
direction relative to the support member 

113. The apparatus of daim 1 08. wherein the sealing device seals an armulus defines 
between the support member and the tubular member. 

1 14. The apparatus of daim 108, wherein the actuator comprises n>^ans for transfening 
torstonal loads between the support member and the expansion devk». 

115. The apparatus of daim 108^ wherein the actuator comprises a plurality of pistons 
positior^d within corresponding piston chambers. 

116. The apparatus of daim 108, wherein at least one of the adjustable expansion devk:es 
comprise: 

a support member; and 

a plurality of movable expansion elements coupled to the support member. 

117. The apparatus of daim 116. further comprising: 

an actuator coupled to the support member for mo^ng the expansion elements 
between a first position and a second position; 
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Wherein in the first posttior^, fha expansion elements do not engage the tubular 
member, and 

wherein in the second position, the expansion elements engage the tubular member. 

118. The apparatus of daim 117, wherein the expandon elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are Interleaved with the second set of 
expansion elements. 

119. The apparatus of claim 118, wherein In the first position, the first set of expansion 
elements are not axialiy aligned with the second set of expansion elements. 

120. The apparatus of claim 118, wherein In the second position, the first set of expansion 
elements are axlally aligned with the second set of expansbn elements. 

121 . The apparatus of daim 108, wherein at least one of the adjustable expansion devices 
comprise a plurality of expansion devices. 

1 22. The apparatus of claim 121 , v/herein at least one of the adjustable expansion devices 
comprise: 

a support member; and 

a plurality of movable expansion elements coupled to the support member. 

123. The apparatus of daim 122, further comprising: 

an actuator coupled to the support member for movir)g the expansion elemente 

between a first position and a second position; 
wherein In the first posWon, the expansion elements do not engage the tubular 

member; and 

wherein in the second position, the expansion elements engage the tubular member. 

124. The apparatus of daim 123, wherein the expan^on elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 
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wherein the first set of expansion elements are Interteaved with the second set of 
expansion elements. 

125. The apparatus of daim 124, wherein in the first position, the first set of e^q^ansion 
elements are not axially aligned with the second set of expansion elements. 

126. The apparatus of daim 124. wherein in the second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

127. An actuator, comprising: 
a tubular housing; 

a tubular piston rod movably coupled to and at least partiaity positioned within the housing; 
a plurality of annular piston diambers defined by the tubular housing and the tubular piston 
rod; and 

a pturalily of tubular pistons coupled to the tubular piston nod, each tubular piston movably 
positioned within a coresponding annular piston chamber. 

1 28. The actuator of claim 1 27, further comprising means for transmitting torsional loads 
between the tubular housing and the tubular piston nxl. ^ 

I 

129. A method of radially eiq^anding arKl plastically defonming an 6;ipandabl& tubular 
member within a borehole liaving a preexisting wellbore casing, comprising: 

positioning the tubular member within the borehde in overlapping relation to the 
wellbore casing; 

radially expanding and plastically defomiing a portion of the tubular member to form 
a bell section; and 

radially expanding and plastically defonning a portion of the tubular member above 
the bell section comprising a portion of the tubular member that overlaps with 
the wellbore casing; 

wherein the Inside diameter of the bell section is greater than the inside diameter of 
the radially expanded and plasticaliy defomned portion of the tubular member 
above the bell section. 

130. The method of daim 12g, wherein radially expanding and plastically defonning a 
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portion of the tubular member fa> fomi a bell secUon comprises: 

positioning an adjustable expansion device within the expandable tubular member, 
supporting the expandable tubular member and the adjustable expansion device 
within the borehole; 

lowering the adjustable expansion device out of the expandable tubular member; 
increasing the outside dimension of the acflustable expansion device; and 
displacing the adjustable expansion device upwardly relative to the expandable 

tubular member n times to radially expand and plastically defbnn n portions of 
the expandable tubular member, wherein n is greater than or equal to 1. 

1 31 . A m^hod for radially expanding and ptasticaBy defomiing an expandable tubular 
member within a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable 

expansion device within the borehole; 
increasing the size of the adjustable expansion device; and 
displacing Ihe adjustable expansion device upv/ardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plastically 

deform a portion of the expandable tubular member. 

1 32. Tlie method ctf daim 1 31 , further con^wislng: 

reducing the siZB of the adjusiable expansion device aftsr the portion of the 
expandable tubular member has been radially expanded and plasticalty 
defonned. 

1 33. The method of claim 1 32, further comprising: 

fluldldy sealing the radially expanded and plastically deformed end of the expandable 
tubular member after reducing the size of the adjustable expansion device. 

1 34. The method of claim 1 33, further comprising: 

permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluldldy sealing the radially expanded 
and plastically deformed end of the expandable tubular member. 
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1 35. Th© method of daim 134, flffther comprising: 

injecting a hardenablefluldlc seaUng material Into an annulus between the 

expandable tubular member and a preexisting stnjclure after perniltBng the 
position of th© expandable tubular member to float refativ© to the posftfon of 
the hydraulic actuator. 



1 36. The method of daim 1 34, further comprisir^: 

Increasing the size of the adjustable expansion device after pemHtting the position of 
the expand^le tubular member to float rebtive to the position of the hydraulic 
actuator. 



137. The method of daim 136, further comprising: 

displacing the adjustable expansion cone upwardly relative to the ejq^andable tubular 
member to radially expand and plasticaUy defonm another portion of the 
e)9)andable tubular member. 



1 38. The method of claim 1 37, further comprising: 

If the end of the other portion of the expandable tubular member overlaps with 
a preexisting stnicture, then 

not permitting the posfHon of the expandable tubular member to float 

relafive to the position of the hydraulic actuator; and 
displadng the adjustable expansion cone upwardly relative to the 
expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform the end of the other 
portion of the expandable tubular member that overlaps wltti 
the preexisting structure. 



1 39, A method for forming a mono diameter wellbore casing within a borehole that 
indudes a preexisting wellbore casing, comprising: 

supporting tiie expandable tubular member, an hydraulic actuator, and an adjustabte 

expansion device within the borehole; 
increasing the size of the adjustable expansion device; 
displacing the adjustable expansion device upwardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plastically 
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defonn a portion of the expandabie tubular member, and 
displacing the acQuslable expansion device upwardly relative to the expandable 
tubular member to radially expand and plastically deibrm the remaining 
portion of the expandable tubular member and a portbn of the preexisting 
weObore casing that overlaps with an end of the remaining portion of the 
expandabie tubular member. 

140. The nnethod of daim 139, further comprising: 

reducing VnB size of the adjustable expansion device after the portion of the 

expandabie tubular member has been radially expanded and plastically 
d^omied, 

141. The method of daim 140, further comprising: 

fluidlcly sealing the radially expanded and ptasHcally defbmied end of the expandable 
tubular member after reducing the size of ttie adjustable expansion device. 

142. The method of claim 141 , further comprising: 

permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluldidy sealing the radially expanded 
and pisstlcaliy deformed end of ttie expandable tubular member. 

143. The method of claim 142, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 

expandatrie tubular memtier and the borehole after permitting the position of 
the expandable tutHjIar member to float relative to the position of the hydraulic 
actuator. 

144. The metiiod of cdalm 1 42, further comprising: 

Increasing the size of the adjustable expansion device after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 
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1 45. The method of claim 1 44, further oomprising: 

di^ladng the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and plastically deform the remaining portion of the 
expandable tubular member 

146. The method of claim 145, further comprising: 

not permitting the position of the expandable tubular member to float relative to the 
position of the hydrauHc actualan and 

displacing the adjustable expansion cone upwardly relative to the expandable tubular 
member using the hydraulic actuator to radialiy expand and plastfcally deforni 
the end of the remaining portion of the expandable tubular member that 
overlaps with the preexisting wellbore casing after not permitting the position 
of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

147. A method of radially expanding and plastically deforming a tubular member, 
comprising: 

positioning the tubular member within a preexisting structure; 

radially expanding and plasticaily defomiing a lower portion of the tubular member to 

fom a bell section; and 
radially expanding arid piasticaliy defonning a ponion of the tubular member above 

the bell section. 

148. The method of dalm 147, wherein positioning the tubular member within a 
preexisting structure comprises: 

locking the tubular member to an expansion device. 

149. The method of dalm 148, wherein positbning the tubular member v\4thln a 
preexisting structure comprises: 

unlocking the tubular member from an expansion device if the operating pressure 
within the preexisting structure exceeds a predetermined amount. 

150. The method of daim 148. wherein positioning the tubular member within a 
preexisting structure comprises: 
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unlocking the tubular member from an expansion device If the position of an actuator 
coupled to the tJbiAar member exceeds a predetamrilnBd amount. 

1 51 . The method of dalm 1 47, wherein radially expanding and plastically deforming a 
lower portion of the tubular member to fomi a bell section comprises: 

lowering an expansion device out of an end of the tubular memben and 
pulling the expanskjn device through the end of the tubular member. 

1 52. The method of dalm 151 , wherein lowering an expansion device out of an end of the 
tubular member comprises: 

lowering the expansion device out of the end of the tubular member; and 
adjusting the size of the expansksn device. 

1 53. The method of dalm 152, wherein the expansion device is adjustable to a plurality of 
sizes. 

1 54. The method of dalm 152, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

1 55. The method of claim 1 54, wherein at least one of the adjistable expansion devices is 
adjustable to a plursill^' of sizss. 

1 56. The method of daim 151 , wherein pulling the expandon device through the end of 
the tubular member comprises: 

gripping the tubular member; and 

pulling an expansion device through an end of the tubular member. 

1 57. The method of claim 1 56, wherein gripping the tubular member ccwnprises: 
permitting axial displacement of the tubular member In a first direction; and 
not permitting axial displacement of the tubular member in a second direction. 

158- The method of claim 156, wherein pulling the expansion devloe through the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using an 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/US2002/036267 



actuator. 

159. The method of claim 142» wtierein radially expanding and plastically defomning a 
portion of the tubular member above the bell section comprises: 

lowering an expansion device out of an end of the tubular member; and 
pulling the expansion device through the end of the tubular member. 

160. The method of daim 159, wherein lowering an expansion device out of an end of the 
tubular member comprises: 

lowering the expansion device out of the end of the tubular member; and 
adjusting the size of the expansion device. 

161 . The method of daim 1 60, wherein the expansion device is adjustable to a plurality of 
sizes, 

1 62. The method of claim 1 60, wherein the expansion da\dce comprises a plurality of 
adjustable expansion devices. 

163. The method of daim 162, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

1 64. The method of daim 159. wherein pulling the expansion device through the end of 
the tubular member comprises: 

gripping the tubular memben and 

pulling an expansion device through an end of the tubular member. 

1 65. The method of claim 1 64, wherein gripping the tubular member comprises; 
permitting axial displacement of the tubular member in a first direction; and 
not permitting axial displacement of the tubular member in a second direction. 

1 66. The method of claim 1 64, wherein pulling the expansion device through the end of 
the tubular mentber oomprises: 

pulling the expansion device thmugh the end of the tubular member using an 
actuator. 
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167. The method of claim 159, wherein pulling the expansion device through the end of 
the tubular member comprises: 

puffing the expansion device through the end of the tubular nnember using fluid 
pmssure. 

168. The method of claim 167, wherein pulling the expansion device through the end of 
the tubular member using fluid pressure comprises: 

pressurizing an annulus within the tubular member above the expansion device. 

1 69. The method of daim 147. wherein radially expanding and plastically defomnlng a 
portion of the tubular member atxsve the bell section comprises; 

fluididy sealing an end of the tubular member; and 
pulling the expansion device through the tubular member. 

170. The msthod or dalm 169, v/herein the expansion device is adjustable. 

171 . The method of daim 170» wherein the expansion device Is adjustable to a plurality of 
sizes. 

172. The method of dalm 189, wherein the s&cpansion device comprise a plurality' of 
adjustable expansion devices. 

173. The method of daim 172, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

174. The method of dalm 169, wherein pulling the expansion device through the end of 
the tubular member comprises: 

gripping the tubular menrri^er; and 

pulling an expansion device thmugh an end of the tubular member. 

175. The method of dalm 174, wherdn puifing the expansion device through the end of 
the tubular member comprises: 

pulling the expansion device thmugh the end of the tubular member using an 
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actuator. 

176. The method of claim 169, wherein pulling the expansion device through the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using fluid 
pressure. 

177. The method of daim 176, wherein pulling the expansron device through the end of 
the tubular member using fluid pressure comprises: 

pressurtdng an annulus within the tubular member above the expansion device. 

178. The method of claim 1 47, v^erein radially expanding and plastically defonnlng a 
portion of the tubular member above the bell section comprises: 

overlapping the portion of the tubular member above the bell section with an end of a 

preexisting tubular member; and 
pulling an expansion device through the overlapping portions of the tubular member 

and the preexisting tubular member. 

1 79. The method of daim 1 78. wherein the expansion device is adjustable. 

180. Th® method cri* claim 179, wherein the e5;pan$ion device sdjustabic! to a plurgfrty ov 
sizes. 

1 81 . The method of claim 1 78, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

182. The m^hod of daim 181, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

1 83. The method of daim 1 78, wherein pulling the expansion device through the 
overiapping portions of the tubular member and the preexisting tubular member comprises: 

gripping the tubular nr)ember; and 

pulling the expansion device through the overlapping porilions of the tubular member 
and the preexisting tubular member. 
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1 84. The method of claim 1 83, wherein pulling the expansion device through the 
overiappfng portions of the tubular memtier and the preexisting tubular member comprises: 

pulling the expansion device through the overlapping porttons of the tubular member 
and the preexisting tubular member using an actuator. 

1 85. The method of claim 1 78, wherein pulling the expansion device through the 
overlapping portions of the tubular member and the preexisting tubular member comprises: 

pulling the expansion device through the overlapping portions of the tubular member 
and the preexisting tutMJiar member using fluid pressure. 

1 86. The method of claim 1 85, wherein puWng the expansion device through the 
overlapping portions of the tubular member and the preexisting tubular member using fluid 
pressure comprises: 

pressurizing an annulus within the tubular member above the expansion device. 

1 87. The method of claim 147, further corrprislng: 

injecting a hardenable flutdic sealing nr^terial into an annulus between the 
expandable tubular member and the preexisting structure. 

1 88. A method of injecting a hardenable fluidic sealing material into an annulus between a 
tubular member and a preexisting stnic^rs, comprising: 

positioning the tubular member Into the preexisting structure; 
sealing off an end of the tubular member; 
operating a valve within the end of the tubular member; and 
injecting a hardenable fluidic sealing material thnDUgh the valve into tfte annulus 
between the tubular member and the preexisting structure. 

1 eg. A method of engaging a tubular member, comprising: 

positioning a pluiality of elements within tine tubular member: and 
bringing the elements Into engagement with the tubular member. 

1 90. The method of claim 1 89, wherein the elements comprise: 
a first group of elements; and 
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a second group of elements; 

wherein the first group of elements are interleaved with the second group of 
elements. 

191 . The method of claim 189, wherein bringing the elements into engagement with the 
tubular member comprises: 

bringing the efemente into axial alignment 

1 92. The method of daim 189, wherein bringing the elements Into en^gement with the 
tubular member further comprises: 

pivoting the elements. 

1 93. The method of daim 1 89, wherein bringing the elements into engagement wHh the 
tubular member further comprises: 

translating the elements. 

1 94. The method of daim 1 89, wherein bringing the elements into engagement with the 
tubular member furttier comprises: 

pivoting the elements: and 
translating the elements. 

1 95. The method of claim 1 89, wherein bringing the elements into engagement with the 
tubular member comprises: 

rotating the elements about a common axis. 

1 96. The method of daim 1 89, wherein bringing the elements into engagement with the 
tubular member comprises: 

pivoting the elements about corresponding axes; 

translating the elements; and 

rotating the elements about a common axis. 

1 97. The method of daim 1 89, further comprising; 

preventing the elements from coming into engagement with the tubular member if the 
inside diameter of the tubular member is less than a predetermined value. 
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1 98. The method of daim 1 97, >wherein preventing the elements Itom coming into 
engagement with the tubular m&vber V the inside diameter of tte tubular member is less 
than a predetennlned value comprises: 

sensing the inside diameter of the tubular member. 

1 99. A locking device for locking a tubular member to a support member, comprising: 
a radially movcdale lacking device ooupled to the support member for engaging an Interior 

sifffaca of the tubular member. 

200. The device of dalm 199, further comprising: 

a pressure sensor for controHably unlocking the kx*ing device from engagement with the 
tubular member when an operating pressure exceeds a predetermined amount 

201 . The device of dalm 1 99. further comprising: 

a position sensor for controilably unlocking the locking device from engagement vflth the 
tubular meml)er when a position exceeds a predetermined amount 

202. A method of kxidr^ a tubular TOmber to a support member, comprising: 
locking a loddng element in a position that engages an "mterfor suri^ce of tfie tubulsr 

member. 

203. The method of dalm 202, further comprising: 

controilably unlocking the locking element from engagement with the tubular member when 
an operating pressure exceeds a predetermined amount 

204. The method of daim 202, further comprising; 

controUably unlocking the locking element from engagement with the tubular member when 
a position exceeds a predetermined amount 

205. A system for radially expanding and plastically delbnnir^ an expandable tubular 
member within a borehole, comprising: 

means for positioning an adjustable expansion mandrel within the expandable tubular 
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member; 

means for supporting IJtve expandable tubular member and the adjustable expansion 

mandrel within the borehold; 
means Ibr lowering tfie adjustable expansion mandrel out of the expandable tubular 

member; 

means for increasing the outside dimension of the adjustable expansk>n mandrel; 
and 

means for displacing the adjustable expansion mandrel upwanJiy relative to the 

expandable tubular member n times to radially expand and plastically deform 
n portions of the expandable tubular member. 

206. A system for fonning a mono diameter wellbore casing, comprising; 
positioning an adjustable expansion mandrel within a first expandable tubular member, 
means for supporting the first expandable tubular mendier and the adjustable 

expansion mandrel >AfltNn a borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 
tubular member; 

means for Increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwardly relative to the first 
e::par\dabk: tubular member m tim^ to radielly e?^pand and plastically deform 
m portions of the first, expandable tubular member within the borehole; 

means for positioning the adjustable expansion mandrel within a second expandable 
tubular member, 

means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overiapping relation to the first 
expandable tubular nrkember; 

means for lowering the adjustable expansion manclrsi out of the second expandable 
tubular member; 

means for increasing the outside diniension of the acUustabla expansion mandrel; 
and 

means for displacing the adjustable expansion mandrel upwardly relative to the 

second expandable tubular member n times to radially expand and plastically 
deform n portions of the second expandable tubular member within the 
borehole. 
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207. A system for radially expanding and plastically defbirnlng an expandable tubular 
member within a boithole, comprising: 

means for positioning an adjustable expansion mandnal within the expandable tubular 
member. 

means for supporting the expandable tubular member and the a($ustabie expansion 

mandrel within the borehole: 
means for lowering the acgustable expan w>n mandrel out of the expandable tubular 

member; 

means for Increasing ttie outside dimension of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plastically defonn 
n portions of the e)9>andable tubular member within the borehole; and 

means for pressurbdng an Interior region of the expandable tubular member above 
ths adjustable expansion mandrel during the radial expansion and plastic 
deformation of the expandable tubular member wWiin the borehole.. 

208, A system for forming a mono diameter wellbore casing, comprising: 

means for positioning an adjustable expansion mandrel within a first expandable 
tifbular member, 

means for supporting the first expandable tubular member and the adjustable 

expansion mandrel within a borehole; 
means for lowering the adjustable expansion mandrel out of the first expandalde 

tubular member, 

means for Increasing the outside dimension of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relath/e to the first 
expandeble tubular member m times to radially expand and plastically deform 
m portions of the first expandable tubular member within the borehole; 

means Ibr pressurizing an interior regfon of the first expandable tubular member 
above the adjustable expansion mandr^ during the radial expansion and 
plastic defom^tion of the first expandable tubular member wtSitn the 
borehole; 

means for positioning the adjustable expansion mandrel within a second expandable 
tubular memben 
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means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first 
expandable tubular member, 

means for lovtfertng the adjustable expansion mandrel out of the second expandable 
tutnilar member, 

means for increasing the outside dimension of the adjustable expansion mandrel; 

means for dtsptadng the adfustable expansion mandrel upwanjiy relative to tfie 

second expandable tubular member n times to radially expand and plastically 
deform n portions of the second expandable tubular member within the 
borehole; and 

means for pressurizing an interior region of the second expandable tubular member 
above the acQustable expansion mandrel during the radial expansion and 
plastic deformation of the second expandable tubular member within the 
borehole. 

209. A system for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole, comprising: 

means for positioning an adjustable expansion mandrel within the expandable tubular 
member; 

means for coupling a diiiling member to an end of the expandable tubular member; 
means for drilling the borehole using the drilling member, 

means for positioning the adjustable expansion mandrel and the expandable tubular 

member within the drilled borehole; 
means for lowering the acUustable expansion mandret out of the expandable tubular 

member, 

means for increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displacing the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plastically deform 
n portions of the expandable tubular member within the drilled borehole. 

210. A system for fomning a mono diameter wellbore casing within a fc»orehole, comprising: 
means for positioning an adjustable expansion mandrel within a first expandable 
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tubular memben 

means tor coupling a drilUng member to an end of the first expandable tubular 
memben 

means Ibr drilling a first section of the borehole ueing the drilling memben 
means for supporting the first expandable tubular member and the adjustable 

expansion mandrel within the drilled first section of the borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 

tubular memben 

means for increasing the outside dimension of the adjustable expansion n^andrel; 
means for dlsplacir^ the adjustable expansion mandrel upwardly relative to the first 

expandable tubular member m times to radially expand and piasficaily deforni 

m portions of the first expandable tubular member within the drilled first 

section of the borehole; 
means for positioning the adjustable expansion mandrel within e second expandable 

tubular membar, 

means for coupling the drilling member to an end of the second expandable tubular 
member, 

means for drilling a second section of the borehole using the drilling member, 
means for supporting the second expandable tubular member and the adjustable 
expansion mandrel wiSiin the borehole in overlapping relatton to the frst 
expandable tubular mernber wKhin the second drilled eecfjon of the bor$hols; 
means for lowering the adjustable expansion mandrel out of the second expandable 
tubular member, 

means for inc^asing the outside dimension of the adjustable expansion mandrel; 
and 

means for displacing the adjustable expansion mandrel upwardly relative to the 

second expandable tubular member n times to radially expand and plastically 
defonn n portions of the second expandable tubular member within the drilled 
second section of the borehole. 

21 1 . A system for dritling a borehole within a subterranean formation and then radially 
expanding and plasficatly defbnmir^ an expandable tubular member within the drilled 
borehole, comprising: 

means for positioning an adjustable expansion rrandrel wittiin the expandable tubular 
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member, 

means for coupling a drilling member to an end of the e)g>andable tubular member, 

means for drilling the borehole using the drilling member, 

means for positioning the adjustable expansion mandrel and the expandabte tubular 

member within the drilled borehole; 
means for lowering the adjustable expansion mandrel out of the expandable tubular 

member, 

means for increasing the outside dimension of the adjustable expansion mandrel; 

means for dlspldctng the adjust^ie expansion mandn^ upwanily relative to the 

expandable tubular menAer n times to radlaQy expand and piasfically deform 
n portions of the expandable tububr member within the drilled borehole; and 

nneans for pressuring an interior porUon of the expandable tubular member above the 
adjustable expansion mandrel during the radial expansbn and plastic 
deformation of the expandable tubular member within the drilled borehole. 

21 2. A system for fonning a mono diameter weilbore casing within a borehole, comprising: 
means for positioning an adjustable expansion mandrel within a first expandable 
tubular member, 

means for coupling a drilling member to an end of the first expandable tubular 

msmben 

means for driBing a first section of the borehole using tiio drilling membsn 
means for supporiong the first expandable tubular menA>er and the adjustable 

expansion mandrel within the drilled first section of the borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 

tubular member, 

means for increasing the outside dimenston of the adjustable expansion mandrel; 

means for displacing the acQustable expansion mandrel upwardly rsiathre to the first 
expandable tubular member m times to radially expand and plastically deform 
m portions of the first expandable tubular member within the drilled first 
section of the borehole; 

means for pressuring an interior portion of the first expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic deformatton of the first expandable tubular member within the iirst 
drilled section of the borehole; 
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means for positioning the adjustable e)q7ansiDn mandrel within a second expandable 
tubular member; 

means for coupfing the driiflng member to an end of the second expandable tubular 
member; 

means for drilling a second section of the borehole using the drilling member; 

means for suppcnUng the second expandable tubular member and the adjustable 
expanston mandrel within the borehole in overlapping relation to the first 
expandable tubular member within the second drilled section of the borehole; 

means tor lowering the adjustable expansion mandrel out of the second expandable 
tubular member 

means for Increasing the outside dimension of tlie adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwanily relative to the 

second expandable tubular member n times to radially expand and plastically 
defomi n portions of (he second expandable tubular memb^ within the drilled 
second section of the bor^ole; and 

means for pressuring an Interior portion of the second expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the second e)9>andabie tubular member within the 
drilled second section of the borehole. 

21 3. A system for radially expanding and plastically defomning an expandable tubular 
member within a borehole, comprising: 

means for positioning first and second adjustable expansion mandrels within the 

expandable tubular member, 
means for supporting the expandable tubular member and the first and second 

adjustable expansion mandrels vrithin the borehole; 
mean$ for lowering the first adjustable expansion mandrel out of the expandable 
tubular memben 

means for increasing the outside dimmision of the first adjustable expansion 
mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically deform a lower 
portion of the expandable tubular member; 

means for displacing the first adjustable expansion mandrel and the second 
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adjustable expansion mandrel downwardly relaUve to tba expandable tubular 
memben 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the ou^de dimension of the seccand adji^tabfe 
expansion mandrel; 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically deform 
portions of the expandable tubular member above the lower portion of the 
expandable tubular member; 

wherein the outside dlmenston of the first adjustable eaqjanslon mandrel Is greater 
than the outside dimension of the second adjustable expansion mandrel. 

214. A system for fonning a mono diameter wellbore casing, comprising: 

means for positioning first and second adjustable expansion mandrels within a firet 

expandable tubular member; 
means for suppcrtng the first expandable tubular member and the first and second 

adjustable expansion mandrels within a borehole; 
means for lowering the first adjustable expansion mandiBl out of the first expandable 

tubular member. 

means for Increasing the outside dimension of the first adjustable expansion 
mandrel; 

means for displacing the first adjustable escpansion mandrel upwardly relative to the 

first expandable tubular member to radially expand and plastically defonr^ a 

lower portion of the first expandable tubular member; 
means for displacing the first adjustable expansion mandrel and the second 

adjustable expansion mandrel downwanlly relative to the first expandable 

tubular member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and Increasing the outside dimension of the second adjustable 
expansion mandrel; 

means for displadng flie second acQustable expansion mandrel upward^^ relative to 
the first expandable tubular member to radially expand and plastically defomi 
portions of the first expandable tubular member above the lower portion of the 
expandable tubular member; 
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means for positioning first and second adjustable expansion mandrels within a 

second expandable tubular member; 
means for supporting tlie first expandable tubular member and the first and second 

adjustable e)^nsion mandrels wKhh the borehole in overlapping relation to 

the first expandable tubular member; 
means for lowering the first adjustable expansion mandrel out of the secxind 

expandable tubular member; 
means for Increasing the outside dimension of the first adgustable expansion 

mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plasticaily defbmi 
a lower portion of tl\e second expandable tubular member; 

means for displacing the first adjustable expansion mandrel and the second 

adjustable aq^ansion mandrel downwardly rdative to the second expandable 
tubular member, 

means for decreasing the outside dimension of the first adjustable ejpansion 
mandrel and Increasing the outside dimension of the second adjustable 
expansion nr>andrel; and 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member abave the lower 
portion of the second expandable tubular member 

wherein the outside dimension of the first adjustatte expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

21 5. A system for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

means for positioning first and second adjustable expansion mandrels within the 

expandable tububr member; 
means for supporting the expandable tubular member and the first and second 

adjustable expansion mandrels within the borehole; 
means for lowering the first adjustable expansion mandrel out of the expandable 
tubular member; 

means for increasing ttie outside dimension of the first adjustable expansion 
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mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 

expandable tubular member to radially expand and plastically defonm a lower 

portion of the expandable tubular member, 
means for pressurizing an interior region of the expandable tubular member above 

the first adjustable expansion mandrel during the radial expansion of the 

lower portion of the expandable tubular member by the first acQustable 

expansion mandrel; 
means for displadng the first ac^ustable expansion mandrel and the seoond 

adjustable expansion mandrel downwardly relative to the eixpandable tubular 

member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension cf the second adjustable 
expansion mandrel; 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the sscpandable tubular member to radially e)q?and and plastically deform 
portions of tha e}cpandable tubular member above the lower portion of the 
expandable tubular member, and 

means for pressurizing an Interior region of the expandable tubular member above 
the second adjustable expansion mandrel during the radial expansion of the 
poftions of the 6;tpand?.ble tubular membsr above the lower portion of Hi® 
e;cpandable tubular member biy the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

216. A system for fomning a mono diameter wellbore casing, comprising; 

means for positioning first and second adjustable mansion mandrsls within a first 

expandable tubular member, 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within a borehole; 
means for lowering the first acQustable expansion mandrel out of the first expandable 

tubular member; 

means for incnsasing the outside dimension of the first adjustable expansion 
mandrel; 

lOOA 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCTAJS2002/036267 



means for displacing the first adjustable expansion nr^andrel upwardly relative to the 

first expandable tubular member to radially expand and plastically deform a 

lower portion of the first expandable tubular member; 
means for pressurizing an interior nsgbn of the first expandable tubular member 

above the first adjustable expansion mandrel during the radial expansion of 

the lower portion of the first exparvjable tubular member by the first 

adjustable expansion mandrel; 
means for displacing the first adjuetable expansion mandrel and the second 

adjustable expansion mandrel downwardly relative to the first expandable 

tubular nr)ember; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel; 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the first expandable tubular member to radially expand and plastically deform 
portions of the first expandable tubular memt)sr above ttie lower portion of the 
expandable tubular menriber, 

means for pressurizing an interior region of the first expandable tubular member 
above the second adjustable expansion mandrel during the radial expansion 
of the portions of the first expandable tubular member above the lower portion 
of the first e:qp»3ndable tubular member by th& second adjustable e^qsansion 
mandrel; 

nneans for petitioning first and second adjustable expansion mandrels within a 

second expandable tubular nrwiber; 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within the borehole in overtapping relation to 

the first expandable tubular member; 
means for lowering the first adjustable expansion mandrel out of the second 

expandable tubular member» 
means for increasing the outside dimension of the first adjustable expansion 

mandrel,' 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to rad'^lly expand and plastically deform 
a tower portion of tfie second expandable tubular member; 
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means for pressulzing an Interior region of the second exparxjable tubular member 
above the first adjustable expansion mandrel during the radial expansion of 
the tower portion of the second expandable tubular member by the first 
adjustable expansion mandrel; 

means for displacing the first adjustsible expansion mandrer and the second 

adjustable expansion mandrel downwmdiy relative to the second expandable 
tubular member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the seoond adjustable 
expansion mandrel; 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the second expandable tubular member to radially expand and pfastically 
defomi portions of the second expandable tubular member above the lower 
portion of the second expandable tubular member; and 

means for pressurizing an interfor region of the second expandable tubular member 
above the second adjustable expansion mandrel during the radial expansion 
of the portions of the second e)cpandabld tubular member above the lower 
portion of the second expandable tubular member by the second adjustable 
expansion mandrel; 

wlierein the outside dimension of the first adjustable expansion mandrel Is greater 
than the outside dimension of ths second adjustable ©/spanslon mandrel. 

21 7. A s^<stem for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 

adjustable expansion mandrel within the borehole; 
means for increasing the size of the adjustable expansion mandrel; and 
means for displacing the adfustabte expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to rad^lly expand 
and plastically deform a portion of the expandable tubular member. 

21 8. The system of daim 21 7, further comprising: 
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means for reducing fhe size of the adjustable expansion nnandrel after the portion of 
the expandable tubular member has been radially expanded and plastically 
defonrted. 

21 9. The system of daim 21 B, further oomprislng: 

means for fluididy seafing the radially expanded and plasticafly deformed end of the 
expandable tubular member after reducing the size of the adjustable 
expandon mandrel. 

220. The system of dalm 21 9, fUrther comprising: 

means for permtttlng the posMon of the expandable tubular member to float relative 
to the position of the hydraulic actuator after flutdidy sealing the radially 
expanded and plastically deformed end of the expandable tubular member. 

221 . The system cX daim 220, further comprising: 

means for Injecting a hardenable fluidic seallngi material into an annulus between the 
expandable tubular member and a preexisting structure after pemitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

222. The sj'stem of daim 220. further comprising: 

means for increasing the size of the adjustable expansion mandrel after permitting 
the position of ttie expandable tubular member to float relative to the position 
of the hydraulic actuator. 

223. The system of daim 222, further comprising; 

means for displadng the adjustable expansion cone upwardly rslative to the 

expandable tubular member to radially expand and plastically deform another 
portion of the expandable tubular member, 

224. The system of daim 223, further comprising: 

If the end of the other portion of the expandable tubular member overtaps with a 
pree)dsttng stmcture, then 

means for not permitting the position of the expandable tubular member to 
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float relative to the posrtJon of the hydrauHc actuator, and 
means for displacing the adjustable expansion cone upwardly relative io the 
expandable tubular nDember using the hydrauHc actuator to radially 
expand and plastically defonn the end of the other portion of the 
expandable tubular memb^ that overlaps with the preexisting 
structure. 

225. A system for fomiing a mono dlan^eler wellbore casing within a borehole that 
Includes a preexisting wellbore casing, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 
adjustable expansion mandrel within the borehole; 

means for increasing the size of the adjustable expansfon mandrel; 

means for displadng the adjustable expansion mandrel upwardly retetive to the 
expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform a portion of ttie expandable tubular member; and 

means for displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically defomi the 
remaining portion of the expandable tubular member and a portion of ttie 
pree)dsting wellbore casing that overlaps witii an end of the remaining portion 
of the e)q9andabie tubular member. 

226. The system of dalm 225, further comprising: 

means for redudng the size of ttie adjustable expansion mandrel after tiie portion of 
flie expandable tubular member has been radially expanded and plastically 
defonned. 

227. The system of claim 228, ttirther con^irislng; 

means for flufdicly sealing the radially expanded and plastically deformed end of Bie 
expandable tubular member after reducing tiie size of the adjustable 
expansion mandreL 
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228. The system of dalm 227. lurther comprising: 

means for permitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator after fluldidy sealing the radially 
expanded and plastically deformed end of the expandable tubular member. 

229. The system of dalm 228, further comprislng: 

means for Injecting a hardenable fluldic seaRng material into an annulus between the 
expandable tubular member and the borehole after permitting 0>e position of 
the expandable tubular member to float relafiva to the position of the hydraulic 
actuator. 

230. The system of dalm 228, further comprising: 

means for increasing the stee of the adjustable expansion mandrel after permitting 
the position of the expandable tubular memk)er to float ralattve to the position 
of the hydraulic actuator. 

231 . The system of daim 230, fifllher comprising: 

means for displadng the adjustable expan^n cone upwardly relative to the 

expandable tubular member to radially expand and plastically defomi the 
remaining portion of the expandable tubular member. 

232. The si'Stem of dalm 231 , further comprising: 

means for not penmlttlng the position of tiie expandable tubular nr^ember to float 
relative to the position of the hydraulic actuator; and 

means for displadng the adjustable expansion cone upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform the end of the remaining porflon of the expandable 
tubular memt>er that overiaps with the preexisting wellbore casing after not 
pemiitting the position of the expandable tubular member to float relative to 
the position of the hydraulic actuator. 

233. A system of radially e;q)anding and plastically deforming an expandable tubular 
member within a borehole having a preexisting wellbore casing, comprising: 
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means for positioning the tubular member wfthln the bomhrfe In overlapping relation 

to the wellbore casing; 
means for radially expanding and plastically defomiing a portion of the tubular 

member to fomi a bell secfion; and 
means for radially expanding and plastcaOy defomiing a portion of the tubular 

member above the bell section comprising a portion of the tubular member 

that overlaps with the wellbore casing; 
wherein the inside diameter of the bell section is greater than the inside diameter of 

the radially expanded and plasficaDy deformed portion of the tubular member 

above the bell section. 

234. The system of daim 233, wherein radially expanding and plasticaliy deforming a 
portion of the tubular member to form a betl section comprises: 

means for positioning an adjustable expansion device within the expandable tubular 
member, 

msans for supporting the expandable tubular member and the adjuslBble expansion 

device within the borehole: 
means for lowering the adjustable e)(pansfon device out of tfie expandable tubular 

member, 

means for increasing the outside dimension of the adjustable expansion device; and 
means for displacing the adjustabls expansbn device upwardly relative to the 

expandable tubular member n times to fadiaily expand and plastically deform 
n portions of the expandable tubular member, wherein n is greater than or 
equal to 1. 

235. A system for radially expanding and plasticaily defomiing an expandable tubular 
member within a borehole, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 

adjustable expansion device within the borehole: 
means for increasing the size of the adjustable expansion device; and 
means for displacing the adjustable expansion device upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially expand 
and plasticaily deform a portion of the expandable tubular member 
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236. The system of claim 235, further comprising : 

means for reducing the size of the adjustable e)qDansion device after the portion of 
the expandable tubular member has been radially expanded and plastically 
deformed. 

237. The system of dalm 236, further comprising: 

means for fluidicly sealing the radially expanded and plastically deformed end of the 
expandable tubular member after reducing the size of the adji^table 
expansion devioe. 

238. The system of daim 237, further comprising: 

means for permitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator after fluldiciy sealing the rad1a)|y 
expanded and plastically deformed end of the expandable tubular member. 

239- The system of claim 238, further comprising: 

means for injecting a hardenable fluidic sealing material into an annuius between the 
expandable tububr member and a preexisting structure after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

240. The system of daim 238, further comprising: 

means for Inaeasing the size of the adjustable expansion device after permitting the 
position of the expandable tubular member to float relative to the position of 
tiie hydraulic actuator. 

241 . The system of daim 240, further comprising: 

means for displadng the adjustable expansion cone upwardly relative to the 

expandable tubular mender to radially expand and plastically deform another 
portlcMi of the expandable tubular member. 

242. The system Of daim 241 , further comprising: 

If tiie end of tiie other portion of tfie expandable tubular member overiaps wiUi 
a preexisting structure, ttien 
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means for not parmttBng the posiQc^ of the ^andable tubular 
member to float relative to the position of the hydraulic 
actuator; and 

means for displacing the adjustable expansion cone upwardly relative 
to the expandable tubular member using the hydraulic actuator 
to radially expand and plastically defomi the end of the other 
poffion of the expandable tubular member that overlaps with 
the preexisting structure. 

243. A system for fomning a mono diameter wellbore casing within a borehole that 
includes a pree)dsting wellbore casing, comprising: 

means for supporting the expandable tubular member, an hydrauRc actuator, and an 
adjustable expansion device within the borehole; 

means for increasing the size of the adjustable expansion device; 

means for displacing the adjustable expansion device upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially Kq>and 
and plastically defonn a portion of the expandable tubular member; and 

means fbr displacing the adjustable expansion device upwardly relative to the 
es^ndable fibular member to radially expand and plastically deibmi the 
remairung portion of the expandable tubular niember and a portion of the 
prs>&?d5ting wellbore casing that overlaps with s^n end of the remaining portion 
of the expandable tubular member, 

244. The system of daim 243, further comprising: 

means for reducing the size of the adjustable expansion device after the portion of 
the expandable tubular member has been radially expanded and plastically 
deformed. 

245. The system of daim 244, further compnsing: 

means for fluididy sealing the radially expanded and plasticalty deformed end of the 
expandable tubular member after redudng the size of the adjustable 
expansion device. 
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246. The system of dalm 24S. further comprising: 

means for permitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator after fluldicly sealing the radially 
expanded and plastically deformed end of the expandable tubular member. 



247. The system of claim 246, further comprising: 

means for injecting a hardenable fluldic sealing material into an annulus between the 
expandable tubular member and the borehole after permitting the position of 
the e>q>andable tubular member to float relative to the position of the hydraulic 
actuator. 

248. The system of dafm 246, further comprising: 

means for increasing the siza of the adjustable expansion device after penmitting the 
posiflon of the expandable tubular member to flbat relative to the position of 
the hydraulic actuator. 



249. The system of dalm 248. further comprising: 

means for displacing the adjustable e)qpanslon cone upwardly relative to the 

expandable tubular member to radially expand and plastically deform the 
remaining portion of the expandable tubular member. 



250. The system of dsdm 249, further comprising: 

means for not permitting the position of ttie expandable tubular member to float 
relative to the position of the hydraulic actuaton and 

means for displacing the adjustable expansion cone upwardly relative to the 

expandable tubular mender using the hydraulic actuator to radially expand 
and plastically deform the end of the remaining portion of the expandable 
tubular member that overlaps with the preexisting wallbore casing after not 
permitting the position of the expandable tubular memb>er to float relative to 
the position of the hydraulic actuator. 

251 . A system for radially expanding and plastically defonning a tubular member, 
comprising: 

means for positioning the tubular member within a preexisting structure; 
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means for radially expanding and plasticaBy defbrming a lower portion of the tubular 

memt>er to form a bell section; and 
means for radially expanding and plastically deforming a portion of the tubular 

member above the bell section. 

25Z The system of claim 251, wherein posWoning the tubular member within a preexisting 
stnjcture comprises: 

means for iockirig the tubular member to an expansion device. 

253. The system of daim 252, wherein positioning the tubular member within a preexisting 
structure comprises: 

means for unlocking the tubular member from an expansion device if the operating 
pressure within the preexisting structure exceeds a predetermined amount 

254. The system of claim 252, wherein positioning the tubular member within a preexisting 
structure comprises: 

means for unlocking the tubular member from an expansion device if the position of 
an actuator coupled to the tubular member exceeds a predetemiined amount 

255. The system of claim 251, wherein radially expanding and plastically defbnning a 
\awer poriSon of th£ ttibular member to fonn a ball section comprises: 

means for lowering an e^ipansion device out of an end of the tubular member; and 
means for pulling the expansion device through the end of the tubular member. 

256. The system of claim 265. wherein lowering an expansion device out of an end of the 
tubular member comprises; 

means for lowering the expansion device out of th© end of tiia tubular member; and 
means for adjusting the size of the expansion device. 

257. The system of dalm 256, wherein the expansion device is adjustable to a plurality of 
sizes. 

258. The system of claim 256. wherein the expansion device comprises a plurality of 
adjustable expansion devices. 
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259. The system of daim 258, wherein at least one of the adjustable expansion devices is 
adjustable to a piurality of sizes. 

260. The system of claim 255, wherein means for pulling the expansion device through 
the end of the tubuter member comprises: 

means for gripping the tubular member, and 

means for pulling an expansion device through an end of the tubular member. 

261 . The system of claim 260. wher^ means for gripping the tubular member comprises: 
means for pennitling axial displacement of the tubular number in a first direction; and 
means for not pennitHng axial displacement of the tubular member in a second 

diredlon. 

262. The system of claim 260, wherein means for pulling the expansion device through 
the end of the tubular memt>er comprises: 

means for pulling the expansion device through the end of the tubular member using 
an actuator. 

263. The system of dalm 246, wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: 

means for lowering an esqianslon device out of an end of the tubular member, and 
means for pulling the expansion device through the end of the tubular member. 

264. The system of daim 263, wherein means for lowering an expansion device out of an 
end of the tubular member comprises: 

means for lowering the expansion device out of the end of the tubular member, and 
means for adjusting the size of the expansion device. 

265. The system of dalm 264« wherein the expansion device is adjustable to a plurality of 
sizes. 

266. The system of dalm 264, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 
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267. The system of ciaim 28B, wherein at least one of the adjustable expansion devices is 
adjustatile to a plurality of sbes. 

268. The system of claim 263, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for gripping the tubular member, and 

means for pulling an expsffislon device througli an end of the tubular member. 

269. The system of datm 268, wherein means for gripping the tubular member comprises; 
means for pemiitling axial displacement of the tubular member in a fiist direction; and 
means for not perniitUng axial displacement of the tubular member in a second 

direcb'on. 

270. The system of claim 268, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for pulling the expansion de\dce through the end of the tubular member using 
an actuator. 

271 . The system of daim 263, wherein means for pulling the expansion device through 
th€i and of ihs tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
fluid pressure. 

272. The system of daim 271 , wherein means for puffing the expansion device through 
the end of the tubular member using fluid pressure comprises: 

means for pressurizing an annulus within the tubular member above the expansion 
device. 

273. The system of daim 251 , wherein means for radially expanding and plastically 
defbnming a porfion of the tubular member above the bell sedlon comprises: 

means for fluididy sealing an end df the tubular member; and 
means for pulling the expansion device through the tubular member. 
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274. The system of daim 273, wherein the e}^nsion device is adlustable. 

275. The system of claim 274. wherein the expansion device is ai^jusfable to a plurality of 
sizes. 

276. The system of daim 273, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

277. The system of daim 276, wherein at least one of the adjustable expansion devices Is 
adjustable to a plurality of sizes. 

278. The system of daim 273, wherein means for pulling the e5a>anslon device through 
the end of the tubular member comprises: 

means for gripping the tubular member, and 

means for pulling an expansion device through an end of the tubular member. 

279. The system of claim 278, wherein means for pulling the expansion device tfirough 
the end of the tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
an actuator. 

280. The sya^tsm of daim 273, vifherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
fluid pressure. 

281 . The system of daim 260, wherein means for puling the expansion device through 
the end of the tubular member using fluid pressure comprises: 

means for pressurizing an annulus within the tubular member above the expansion 
device. 

282. The system of dafm 251 , wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: 

113A 



AltflENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/US2002/036267 



means for overlapping the portion of the tubular memt)er above the bell section with 

an end of a preexisting tubular memben and 
means for pulling an expansion de^rfce through the overlapping portions of the tubular 

member and the preexisting tubular member. 

283. The system of claim 282, wherein the expansion device Is adjustable. 

284. The system of dalm 283, wherein the expansion device is adjustable to a plurality of 
sizes. 

285. The system of claim 282. wherein the expansion device comprises a plurafity of 
acQustabie expansion devices. 

286. The system of claim 285, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

287. The system of claim 282. wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member 
comprises: 

means for gripping the tubular member; and 

means for pulling ths e<vpansion devdc^j through tlie overlapping portions of the 
tubular member and the preexisting tubular msmber. 

288. The system of claim 287, wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member 
comprises: 

means for pulling the expansion device through the overlapping portions of the 
tubular member and the preexisting tubular member using an actuator. 

289. The system of daim 282* wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member 
comprises: 

means for pulling the expansion device through the overlapping portions of the 
tubular member and the pree)d6ting tubular member using fluid pressure. 
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290. The system of daim 289. wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexist'ng tubular member using 
fluid pressure comprises: 

means for pressurizing an annulus within the tubular member above the expansion 
devfoe. 

291 . The system of daim 261 , further compnslng: 

means for Injecfing a hardenable fluldic sealing material into an annulus between the 
expandable tubular member and the preexisting structure. 

292. A system of injecting a hardenable fluidic sealing material into an annulus between a 
tubular member and a preexisting structure, comprising: 

means for positioning the tubular member into the preexisting structure; 
means for sealing off an end of the tubular member; 
means for operating a valve within the end of the tubular member, and 
means for injecting a hardenable fluidic sealing material through the vatve into the 
annulus between the tubular member and the preexisting structure. 

293. A system of engaging a tubular member, comprising: 

means for positioning a plurality of elements within the tubular member; and 
means for bringing the elements into engagement with the tubular member. 

294. The system of daim 293. wherein the elements comprise: 
a first group of elements; and 

a second group of elements; 

wherein the first group of elements are interieaved with the secx^nd group of 
elements. 

295. The system of daim 293, wherein mesffis for bringing the elements into engagement 
with the tubular member comprises: 

means for bringing the elements into axial alignment. 
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296. The system of daim 293. wherein means for bringing the elements into engagement 
with the tubular member further comprises: 

means for pivoting the elements. 

297. The system of daim 189, wh^n means for bringing the elements Into engagement 
with the tubular member further comprises: 

means for iranslafing the elements. 

298. The system of daim 293, wherein means for bringing the elements into engagement 
with the tubular member further comprises: 

means for pivoting the elements; and 
means for translating the elements. 

299. The system of daim 293, Vi^erein means for bringing the elements into engagement 
with the tubular member comprises; 

means for rotating the elemente about a common axis. 

300. The system of daim 293, wherein means for bringing the elements Into engagement 
with the tubular member comprises; 

n)eans for pivoting the elements about oorresponding axes; 

means for translating the elefnente; and 

means for rotating the slements about a common ads. 

301 - The system of daim 293, further comprising: 

means for preventing the elements from coming into engagement with the tubular 
member if the inside diameter of the tubular member is less than a 
predetermined value. 

302. The system of claim 301 , wherein means for preventing the elements from coming 
Into engagement with the tubular member if the inside diameter of the tubular member is 
less than a predetermined value comprises: 

means for sensing the inside diameter of the tubular member. 

303. A system of locking a tubular member to a support member, comprising: 
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locking a locking elentent in a position that engages an interior surface of the tubular 
member. 

3D4. The system of claim 303. further comprising: 

means for controllably unloddng the locking element from engagement with the tubular 
memt)er when an operating pressure exceeds a predetermined amount 

305. The system of dalm 303» further comprising: 

means for cx)ntrollably unlocking the locking element from engagement with the tubular 
member when a position wceeds a predetermined amount 
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